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WAB  X>£PAATMKNT,  OhdNANCE  OFFICE, 

WdshingtoBt  October  15, 1884. 
8ib:  I  have  the  honor  to  oabmU  the  folio wiog  report  of  thepriiicipal 
operations  of  the  Ordnance  Department  during  the  fiscal  3'ear  ended 
Jane  30,  1884,  with  such  remarks  and  recommendations  as  the  iaterosta 

of  this  brannh  of  the  military  sprviee  seem  to  require. 

The  i\9<';\]  n'<;f>iH-f'Hs  and  expeuditorett  of  the  Department  (lariag  the 
year  were  aa  follows,  viz : 


AoMmnt  in  the  Ttteamiy  to  the  credit  of  the  Appioprlsttoos  on  Jnao  30, 
1883   |8»,701  47 

Amount  in  ih*-  Trc^asniy  iu>t  reported  to  the  evedit  of  the  appioiiriAUons 

on  Jnnc  'Mk    5,966  67 

Aiuouut  iu  Govurumeut  depoHit<uritm  to  tbe  credit  of  disburHiug  ofliutjrii 

Mid  othen  on  Joae  30»  1883   fltT,  814  45 

Amount  of  ippfoprifttloiw  for  the  eerWee  of  the  lleoal  yeor  ended  Jniie 

'^-'i       1,961,494  80 

AintituU  f  «'fiin(le<l  to  onlnuiice  u}>pri>[iriatioiitt  iu  &i-tt  Iriiu-nt  of  ac<.-oinit8 

duriug  th*>  year  euded  J  line  30,  Ititii   16,  UtA  ^iii 

Oraee  Maonnt  reeelved  dnring  the  flaeol  yew  ended  June  30, 1684,  frooi 

eali  to  ofifcevs;  from  teatt;  ftom  oolleetione  from  troops  on  account 

of  loHMOs  of,  or  dainn<;«'  to.  ordnnncf  Hton'«t ;  from  CLicago.  Rock  Inland 
and  Pacific  Railroad  U<»ini»aMy  ;  from  iiowdcrainl  projwt i Ifs  (i)n»c«'Cf1«« 
of  i»ale») ;  from  nalvn  of  coiideiuiie«l  itlui'Mti  j  from  t«ii(iog  macbiut),  and 

fronnU  other  eoQCMe  not  helbvB  mentioned   196^888  95 


Total   8,087,130  58 


Amount  of  uApenditores  during  the  tincal  jear  ended  June  30,  lbd4,  in- 

eindtng  expenaee  nttendiog  aniee  of  eondemned  atoreet  powder,  and 

prajeetile^&o   9, 016^365  68 

Amount  deposited  in  Treasury  dnrinfr  tlif  f\B('t\\  ye«r  ended  Jnne  30, 

1884,  as  procc'f'ds  of  .sal*»a  of  Goveruiuent  prnjicrty   92,540  09 

Amount  trautifei  red  from  ordnance  appropriations  in  settlement  of  ao* 

ooonta  daring  the  llaeal  year  ended  Jnne  30, 1664  •   81 

Amoant  turned  Into  the  anrploa  Ihnd  on  Jane  81^  18S4   949, 990  49 

Amount  in  Government  depositorfea  to  the  oiedlt  of  dfMbnratng  offloaca 

and  others  on  June  30,  1884   909,007  50 

Amount  in  the  Treaaury  oot  reported  to  the  creditor  appropriations  on 

Jane  30, 1864   7,646  48 

AflMHint  ia  the  Tnaanry  to  the  oredit  of  ap^opsiatlona  on  Jnaa  80, 

I8B4  ^   418.480  08 


Hotel   2,987,130  6^ 
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STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  ofHecrs  of  the  Ordnance  Department 
ue  as  follows :  Four  at  the  Onlnance  Office ;  thirty-six al  the aiaeiialSy 
armory,  agency,  and  powder  depots ;  nine  on  the  Ordnance  Board  and 
at  the  foundries ;  seven  at  the  several  military  headquarters  and  ord- 
nance depots;  i'>nr  at  the  Military  Academy;  one  under  the  orders  of 
the  Secretary  oi  the  Intt  rior ;  one  in  the  Life-Saving  Servioe,  ander 
the  Secretary  of  the  Treasury. 

The  Ordnance  Department  ))rovides  the  arniatnent  for  our  sea-coast  de- 
fenses, and  arms  and  other  onlnanee  stores  for  the  Army,  the  militia,  tlie 
Marine  Corps,  all  other  lOxecutive  Departiueutsto  protect  public  money 
and  property,  and  the  forty  eollee:es  authorized  by  law  to  receive  theTri 
for  instruction.  These  ordnance  and  ordnance  stores  must  be  of  the  beat 
-quality  and  of  superior  workoianshipi  to  render  them  most  eifective  its 
war  material,  and  modern  invention  and  improved  mechanical  methods 
must  be  carefully  studie<l  and  utilized. 

The  report  of  the  operations  at  the  Kock  Island  Arsenal  is  submitted. 
The  erection  of  shops  and  storehouses  has  been  conducted  economically 
and  ilioroughly,  and  the  estimates  for  the  prosecution  and  completion 
of  the  same  should  receive  favorable  consideration.  The  la,st  appro- 
priation of  $10,000  for  the  jareneral  care,  preservation,  and  imiirovement, 
for  building  roads,  painting  buildings,  bridges,  &c.,  is  not  deemed  «ide- 
quate  to  the  necessities  of  the  arsenal.  In  this  couuection  Colonel  Flag- 
ler remarks  in  his  report : 

'*Tb»  utuioHt  timt  in  poiMtble  Ium  beeu  tluue  to  economise.  It  in  uearly  iuipoBDtble 
that  aoine  impioTemmit  of  grounds  ahoiild  nofc  bo  Mcrlod  on  In  oonnootion  wiHi  tfio 
oonatrDotion  of  baildings  in  order  to  atUiionwtoriftloseftvnted,  flntah  gioandsnnmnd 

the  biiildiugs,  and  furnisb  iifmli'd  iinproveinpute  for  ns«  in  carryinji;  on  othor  work. 
Beniflo?*  this,  the  buildiugft,  roods,  an<l  oMn>r  iniprovemeutK  are  unw  of  such  magni- 
tude that  they  require  fully  teu  times  aHuiucii  for  their  proper  caxo  uud  preeerratlon 
M  they  did  Ihirteoi  jomni  ago,  al  whloh  Umb  the  appropriation  liMr  thit  woxkwnn 
doable  that  wbidi  has  been  aUoved  In  the  poet  Ibw  yean. 

"  I  know  of  t)o  t)ctter  method  of  exhibiting  this  than  by  comparinoD.  The  extent  of 
the  work  that  oiii;ht  to  be  done,  to  keep  in  ffood  ordfr  and  rppair  streets,  avenaes, 
grounds,  large  bridges,  ahoree  of  island,  raiiroadie^  gutters,  walks,  sewera,  water- 
works, and  the  dams  and  gates  and  oliiBr  eoosfemallonapeKftaining  to  the  water-power, 
la  eqnal  to  the  work  of  a  rinllar  kind  done  In  a  oltj  of  lO^OOO  inhabitants.  In  addl^ 
tion  to  thiS)  tbe  buildings  and  many  othereonatrnetlona  taken  eaiaof  by  prlTate  own- 
eia  In  a  olty  most  be  kept  in  repair." 

The  reasouH  here  gfiven  are  strongly  In  favor  of  larger  appropriations 

for  this  object  The  work  of  care  and  preservation  is  a  continuous  one, 
never  ending  and  never  completed,  and  this  our  largest  Government 
establishment  deserves  to  be  kept  in  such  exoelleut  ooudition  as  toiefieot 
credit  on  the  couuti'y. 

SMALL-AEMS. 

Buring  the  fiscal  year  ended  June  30,  1884,  35,133  rifles,  carbines, 
and  shot  guns  have  been  manufaotiired  at  the  NatioBal  Armory.  Much 
has  also  beeo  done  in  repairing  armsi  providing  spare  paitSi  making 
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ewonls  and  sabers  ami  iniHcellauiMius  siipplitis,  and  riiaiiufactnrinff  the 
Cbatli'o-lieeco  magazine  gun.  It  is  but  fair  to  record  that  tho  well- 
desfrve<l  reputation  of  the  Armory,  lor  the  superior  de8igu  aud  iiuish 
of  its  ])roduet«,  has  been  mamtaiiKMl,  and  that  Lieutenant-Colonel  Buf- 
tiugtou  has  administered  the  atlair^of  that  establishment  with  maiked 
ability  and  success. 

The  Lee,  Chaffee- Reece,  and  Hotchkiss  magaziue  gaus,  reoommendod 
by  the  Board  in  September,  1882,  to  be  'lasaed  to  the  Army  for  trial 
have,  after  the  delays  ineideDt  to  tbeprodaotion  of  new  arms  requiring 
qwdal  tools  and  maehinery,  been  leoeived  tnm  the  eontnu^re  and 
eompleted  at  the  Armory,  and  are  now  ready  to  be  issaed  to  the  Army 
te  trial  by  the 'troops. 

Ftosome  time  eflbrts  hatto  been  made  at  the  Armory  to  perfeet  the 
rod  bayonet  and  attachment^  dispensing  with  the  ordinary  triangnlar 
bsjonet.  The  rifieo  first  provided  with  the  rod  bayonet  were  defective 
in  design  and  fidled  to  give  satislhotion.  The  new  arrangement  will 
be  submitted  to  yon  si  an  early  day.  The  front  and  rear  sights  of  the 
rifle  have  been  greatly  improved,  embodying  new  and  imitortant  de- 
tails which  v'il]  he  found  of  value  in  long-range  firing,  and  it  is  hoped 
'   that  they  will  sutisfy  a  mnflii<needed  want  of  the  Army. 

An  estimate  has  been  submitted  for  a  milling  shop  for  the  National 
Armory  to  cost  $30,000.  It  is  to  be  a  fire-proof  stmcture,  two  stories 
and  basement,  and  alwut  275  by  35  feet,  to  replace  the  present  old. 
buildin*:,  which  is  unfit  and  danrrerons,  and  in  case  of  fin*  would  de- 
stroy the  principal  machinery,  and  suspend  operations  lor  many  months 
at  the  Armory.  Ilie  appropnatiou  a^ked  for  in  earnestly  recommeuded. 

BEWAXDa  FOB  TABGBT  PBAOTIOB. 

The  gold  and  silver  medals,  as  rewards  for  successful  marksmanship 
in  the  ditterent  Army  ooutosts,  inflmlin;^  tin;  skirmisliera*  meiluls  for 
Di'partmont,  Division,  and  Array  teams,  recently  added  tc»  thn  list^have 
beeii  supplied  to  tiie  several  headquarters  in  advance  of  tin-  date  of 
ooiitc.^is,  that  they  might  be  delivered  to  the  successful  ooutestauts  on 
the  spot. 

The  sharpshooters^  bronze  crosses  and  the  marksman^s  pins,  also 
authorized  by  Ci.  O.  No.  12,  of  I'«'l)rnary  20,  1664,  have  boeu  made,  and 
are  being  distril)Uted  to  the  Army. 

The  liberality  ot  the  War  Department  in  providing  so  n»any  artistic 
and  costly  medals  and  other  rewards,  for  successful  efforts  on  the  part 
of  officers  and  soldiers,  has  l>een  a  poweifal  and  healthy  stimnins  to  * 
the  stead y  i  m  provement  of  the  Army  in  skillfnl  marksmanship.  Being 
an  expert  shot  leavea  nothing  wanting  to  the  perfeotion  of  the  modem 
soldier.  The  ballet  that  nnerringly  attains  its  object  fltUy  repays  all 
the  expense' and  labor  that  makes  that  possible. 

A  new  work  on  target  firing,  which  will  embody  the  experiences  of 
the  Army  in  target  practice  during  the  past  five  years,  is  being  pre* 
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pared  under  your  authority  by  Capt.  S.  E.  Blunt,  Ordnance  Depart- 
ment and  Chief  Ordnance  Officer  Department  of  Dakota.  Its  comple- 
tion is  promised  at  an  early  day,  when  it  will  be  submitted  for  your 
ooueideratioQ  and  approvaL  His  wide  experienoe  In  eliarge  af  target 
praotioe  in  that  military  department,  and  hia  ezoeUent  veeord  aa  a 
akillAil  rifle  aliot  in  many  oontoatB,  assures  Captain  Blnnt^s  anooeas  in 
the  preparation  of  a  aatiafiwtory  text-bOok  for  the  instraction  and 
guidance  of  tiie  Army  in  this  moat  intereating  field  of  atody  and  pnMS- 
tioe. 

KJkOEINB  GUNS. 

The  improved  (Janlner  gun,  described  in  the  Report  of  the  Chief  of 
Ordnance  for  l-SSO,  has  this  year  been  subjected  to  further  trials  at  the 
Proving  Ground,  under  the  suiMsrvision  ot*the  Ordoanoe  Board.  The 
eonclasions  of  the  Board  (see  Appendix  19)  are  very  favorable  to  tlie  g  uu , 
which  is  prononneed  to  be  light,  compact,  and  simple  in  its  atmctare, 
and  to  compare  &Torably  with  the  Oatling  gun  in  evetything  except 
rapidity  of  Are.  The  device  for  feeding  is  admirable,  and  the  paste- 
board box  for  containing  the  ammunition  of  tbe  infontay  isan  be  easily* 
adapted  for  nse  with  this  gno,  which  is  a  great  advahtage  fbr  a  machine 
guu  designed  to  co-operate  with  infantzy  Are. 

The  Board  has  recommened  that  some  of  the  gnns  be  proenred  for 
service.. 

ABTILLBBT  PBAOTIOB. 

More  than  ordinary  interest  has  been  evinced  in  the  theory  and 
practice  of  gunnery  by  portions  of  the  artillery  branch  of  the  service, 
and  notably  so  by  batteries  stationed  in  New  York  Harbor,  undar 
Col.  John  Hamilton,  commanding  Fifth  Artilleiy.  His  Report  of 
Artilleiy  Practice  "  at  The  Narrows,"  in  October  and  November,  1883, 
will  be  found  interesting  and  comprehensive,  giving  an  excellent  prac- 
tical system  which  can  be  applied  in  other  harbors  and  roadsteads.  EUa 
report  is  submitted  in  tbe  hope  that  its  pnblication  may  excite  some 
anch  degree  of  interest  and  emulation  in  the  study  and  manipulation 
of  heavy  cannon  as  now  rules  the  Army  in  rifle  flring. 

This  report  gives  expression  to  the  seal  and  ability  which  have 
crowned  Colonel  Hamilton's  endeavors  with  such  encouraging  success. 

GUN  FOFNDTIY  BOARD  A?JD  OONQRESSIONA  L  COMMITTKKS, 

In  my  la«t  annual  report  rcfenMicc  was  made  to  tlie  *M  Jun  I'miudry 
Board''  appoiutcd  iu  accoidauce  with  tho  act  of  (Jougress  approved 
March  3,  1883 : 

"For  t!io  piirpnsf  nf  f'^^nmfnini;  and  reportin«r  tnCongrcM  whir!r  of  tin*  navy-yard« 
or  ur»>.*uals  owuecl  by  th«  Oovurumout  baa  the  best  location  oud  is  best  adapted  for 
the  Mtftblithmetit  af  a  QorerumenlvfMxndiyy  or  vhat  othier  method,  if  uay,  alioold  Iw 
adopted  for  the  mann^ctare  of  beavy  ordoanoe  adapted  to  modem  warfore,  for  the 

nso  of  the  Army  and  Navy  of  t1i   i    ited  States,  tlio  cost  of  ull  buildings,  tools,  and 
inip1»»in«'nf«  npcPHsary  to  bo  uftcd  in  the  tniinnf;»<  tiiro  tliorcof,  including:  tin-  cost  of  a 
f  team  bauimcr,  or  apparatus  of  sutticLont  size  for  the  mauo&otare  of  tbe  bcariest  guns." 
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Its  report  wm  made  to  the  President  Febfnaiar  16,  IBSi,  and  was  b  j 
him  transmitted  to  GongreMj  I^niaiy  18,  1884^  The  oonelnaions 
reached  by  the  Board  after  tiSL  InTestii^tion  of  the  snbject  here  and 
abroad  are :  The  establishment  of  Goremmeat  gnn  Ihetoriee  for  both 
the  Azmy  and  Kayy,  and  the  making  a  permanent  and  liberal  appro* 
priation  by  Congress  Ibr  the  speoiiLo  purpose  of  porviding  artiUeiy  of 
modem  types,  this  appropriation  being  a  permanent  one,  to  aet  as  a 
stimnlns  to  private  steel  maDoihetnrers  to  enlarge  their  plant  and  make 
gnn  steel,  the  Goremment  being  a  large  porohaser.  A  special  estimate 
for  a  permanent  annual  appropriation  to  cany  ont  this  recommendation 
of  the  Board  was  submitted  by  me,  bnt  Oongress  took  no  action 
thereon. 

In  the  closing  days  of  the  last  session  both  the  Senate  and  House 
passed  resolutions  for  the  appointment  of  select  committees  of  Senators 
and  Bepresentatives,  r^pectively,  to  inquire — 

"As  to  the  capacity  of  Htoel-])r(Mliicinji  workn  in  tlio  TTiiite«l  States  to  mnlco  fttoel  of 
onilftble  qnality,  ami  •■•ntfifii  nt  in  fjnaiitity  to  fnrnish  metal  1  or  ^nna  of  liifjli  power 

*  *  *  tui  to  the  uLaructt-r  aud  autiiciency  of  niacbiuery  aud  uiacliine  took  in  tho 
navy-yard^  and  also  in  private  Ibnadrfaa  anA  maehina-ahopa  in  tha  Unitad  8t«itii^ 

*  *  *  and  for  manttfaotnring  gnna  for  the  proper  azmameat,  •  *  •  ofthaMi^ 
coast  ilofcnsfs,  •  •  •  into  th«>  T)f.st  locationsin  the  T'nlfcd  States  for  manufactu^ 
ing  gnus,  •  •  *  an<l  the  best  method  of  Tnantifmiturtitg  and  bnililin||r  liaina, 
whether  by  the  Government  or  by  coutraet  with  pr irate  persons." 

The  field  of  this  inquiry  is  large  and  coinprehensive,  and  includes  all 
that  IS  ie(i»iired  tor  a  complete  understanding  of  the  snbject,  and  the 
best  means  of  providing  a  remedy.  Tlie  condition  oi  our  coiiiit  defenses 
is  a  matter  of  gra^  c  concern  and  calls  for  inuaediate  action,  and  I  in- 
dnlgo  the  hope  that  before  the  end  of  the  ensuing  session  Congress  will 
show  to  the  country  its  appreciation  of  these  national  wants  by  a  liberal 
and  permanent  annaal  appropriation. 

ABMAXBIVT  OP  FOBTIFXOATIOire. 

During  the  past  year  the  construction  of  the  several  experimental 
guDS  eommeneed  in  1883,  nnto  provisiont  <tf  tlie  aet  of  March,  1883, 
has  progressed  as  rapidly  as  eireomstanoes,  somewhat  nnfavorable, 
wonld  permits  Owing  to  the  disoontinuanoe,  for  a  number  of  years,  of 
the  mann&ctore  of  oasMron  guns  at  the  Sonth  Boston  Foundry,  numer^ 
one  trials  were  requisite  at  the  outset  to  work  up  the  iron  to  a  proper 
standard  hefbre  the  eastings  ooold  be  made. ,  Later,  the  baolcwardness 
ef  foreign  mannfhcturers  in  meeting  their  engagements  ibr  ftimishing 
steel  forgings  has  eaused  additional  dehiy  in  the  completion  of  these 
guns.  It  has  now  beoome  pxaetioable,  however,  to  procure  part  of  the 
Ibrgiogs  in  question  from  the  Midvale  Steel  Company,  and  an  order  has 
acconlingly  been  given  to  that  effect. 

The  12-inch  breech-loading  rifle,  cast-iron,  has  been  eesf,  and  is  in 
such  advanced  stage  of  completion  that  it  will  soon  be  ready  for  IxiaL 

Xhe  body  for  the  12*inob  mnssle-loading  rifled  mortar  has  been  east 
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and  finkbedt  and  hoopfi  of  soitable  quality  proeuied  from  the  Hidvale 
Steel  Gompaoy,  and  tbe  work  of  hooping  the  mortar  ia  now  in  progreaa 
at  the  Sonth  Boston  Foundry.  Prior  to  establishing  the  ^iHnkage$  to 
he  used  in  the  oonstmctlon  of  this  pieoe,  it  was  deemed  pmdeat  to  make 
an  experiment  of  hooping  a  cylinder  representing  an  actual  section  of 
the  mortar  in  front  of  the  powder  chamber,  by  means  of  which  it  could 
be  practically  determined  if  the  proposed  «irM«yis  were  suitable  to 
the  construction. 

The  Department  has  adopted  this  plan  of  hooping  an  experimental 

section  for  each  new  model  of  hooped  gun,  in  order  to  compare  the  data 
derived  from  calculations  purelyi  with  the  results  obtained  from  direct 
experimenti  and  in  that  way  to  establish  a  reliable  basis  for  the  con- 
struction. 

The  experiments  made  last  year  with  two  experimental  10-inch  mus- 

zle  loading  rifled  mortars,  obtained  by  shortening  at  the  muszle  and 
rifling  two  lo  iuch  cast-iron  smooth-bore  gnns,  have  demonstrated  the 
practicability  of  employitifr  some  of  our  existing  types  of  projectiles,  in 
pieces  of  this  type,  with  satisfactory  results.  From  the  same  f»>:]>eri- 
ments  a  suitnblo  character  of  riliii»tr  was  also  dctorruinod  for  the  12-inch 
mortar.    TIhm  mortar  shonM  be  ready  for  trial  during  the  next  month. 

In  cast  in  the  body  for  the  l-inch  breech  load  iTiir  rifle,  cast  iron, 
lined  with  a  wir«»-wraj)ped  steel  tulte,  an  accident  oc(  ui  n»d  that  has 
proved  a  source  of  considerable  in'cuniary  loss  to  the  founders,  and  a 
serions  set-bank  to  the  early  complt  t nm  of  the  frnn.  About  an  hoar 
after  the  successfnl  eastin^^  of  the  ^41111,  ilie  tlask  of  the  mold  ga\  e  way, 
precipitatiug  the  auj»erincninl)ent  mass  of  molten  metal  into  the  pit-, 
formin^r  there  when  cold  a  solid  cheese.  After  much  labor  this  cheese 
has  been  removed — au  operation  that  wikH  much  faciHtate<i  by  the  con- 
ical form  of  the  pit — and  the  founders  are  now  m.ikin<;  Iresh  prepara- 
tions for  another  cast.  Owing  to  this  nushap  the  casting  of  the  body 
foi  [lie  12-inch  rifle,  cast-iron,  hooped  and  tubed  with  steel,  will  follow 
next,  since  the  patterns,  iiasks,  &c.,  are  already  preiiared. 

The  body  for  the  10-inch  breech-loading  rifle,  cast-iron,  wrapped  with 
Steel  wire,  has  been  cast  and  made  ready  tor  the  application  of  the  wire. 
Ke  wire  winding  will  be  done  at  the  Watertown  Arsenal,  where  prep- 
arations are  now  being  made  for  this  purpose  in  consultatlou  with,  and 
on  plans  furnished  by,  Dr.  W.  B.  Woodbridge. 


The  billets  for  the  wire  have  been  procured  from  the  Otis  Iron  and 
Bteel  Company,  Cleveland,  Ohio,  and  before  acceptance  by  the  Depart- 
ment were  required  to  pass  satisfactorily  the  following  conditions  as  re- 
gards physical  qualities,  vis : 


BiUeU  and  ban  for  wire  gun$. 


Tensile  strength  ... 
TJllimutt*  rlonfjntion 
iiuUuctiuu  of  area.. 


31.5  tonft  por  iqiMm  iuoh. 

30  {HT  Lvni. 
£»0    per  ueut. 
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The  rediii  tiuu  of  area  in  tmusverse  test  specimens  1.2  Inches  btstweeii 
shoulders  lo  l)e  at  least  20  per  cent.,  and  the  billets  to  he  perfectly 
sound  ami  f  re  e  iroui  t\ikw»y  oavitie»,or  defects  of  any  kind,  and  of  a  imi- 
form  ijuahty  throughout. 

The  aeeepted  hilh*t8,  weijrhing:  about  SO  pounds  eaeh,  have  been  sent 
to  the  Trenton  Iron  Company,  Trenton,  N.  J.,  where  they  will  lirist  be 
rolled  into  rods  one  half  inch  square,  then  annealed  and  drawn,  without 
farther  anuealiug,  into  wire  .15  of  an  iucti  aqoare,  hariug  the  oomers 
fOQiidecl  with  a  radiDB  of  aboat  .01  of  an  inob,  the  ends  of  tb^  wire  being 
Toveraed  in  the  proeees  at  eaoh  snoceeaiTe  passage  through  the  draw- 
plate.  Am  a  ilnal  operation  the  wire  will  be  thoroughly  tinned  to  pre- 
pare it  for  soldering. 

The  bars  for  the  longitadlnal  staves  of  the  10-inoh  steel-wire  bieeoh* 
loading  gun  have  also  been  mannfhetored  by  the  Otis  Iron  and  Steel 
Company,  and  snbjeot  to  the  same  conditions  as  regards  their  physioal 
qualities  as  the  wire  biliets.  These  bars  are  now  being  annealed  at  the 
Washington  Nayy-Tard,  after  wMoh  they  will  be  sent  to  the  works  of 
Jones  &  Laughlius,  Pittsbnrgh,  Pa.,  where  they  will  be  oold  rolled  to 
the  sise  of  3A  inches  square. 

I'orymga  of  Whitwarth  d;  6V«  steel. 

The  tnbe  fiw  the  steel  wire  UKinch  breeoh<loading  rifle ;  the  tnbe  and 
Jaeket  for  the  steel  8-inch  breeeh-loading  rifle ;  the  tnbes  for  two  12-ineh 
east-iron  rifles  t  two  12-inch  rifle  breech  bashings,  and  four  tmnnion 
hoops  were  ordered  of  fluid  pressed  steel  teom  Sir  Joseph  Whitworth 
&  Co.,  Manchester,  Bngland,  under  date  of  May  29, 1883. 

This  order  was  accepted  by  cablegram  nnder  date  of  Jane  II,  1883i, 
with  an  agreement  to  deliver  all  the  Ibrgings  within  five  months'  time, 
and  by  an  after  agreement  the  forgings  for  the  8-ini  h  breech-load- 
lug  rifle  were  to  be  delivered  as  soon  as  made.  Up  to  the  present 
time,  nearly  one  year  since  the  time,  of  delivery  agreed  njKjn,  there  have 
been  received  from  Whitworth  &  Co.,  only  the  forn^in;xs  for  the  8  inch 
breech  loading  riHe  ;ntd  tht*  trnnnion  hoops,  an<l  even  these  were  not 
received  nntil  tiiey  were  many  months  overdue,  and  aft<'r  repeated  re- 
moustranres  from  the  Department  a<;ainst  the  failure  of  tin*  rompuny 
to  fultill  their  i  ii,u';i:jernents.  Aft»»r  still  further  eorrespondeuee  with 
Whitworth  &  Co.,  ur^nng  the  iiKunpt  delivery  of  the  balance  of  tlie 
forj;inj;s,  and  repeate<l  fiRsurancc.s  liuru  the  company  of  their  speedy  de- 
livery, notice  wu.s  tinully  sent,  under  date  of  October  2,  that  nnh'ss  the 
balance  of  the  onler,  and  tlie  new  tor^in;;s  t<>  be  substituted  tor  the 
forgings  alreatly  delivered  but  rejected  by  the  Department  ds  nut  being 
of  standard  quality,  were  delivered  before  December  1,  1884,  the  order 
would  be  withdrawn. 

The  resolts  of  tests  of  the  gnn  forgings  received  from  Whitworth  St 
Oo.  nnder  the  above  order,  so  fhr  as  tested,  are  exhibited  in  appendix 
M.  The  tmnnion  hoop  for  the  12-ineb  mortar  possesses  very  foir  qual- 

Digitized  by  Google 


10 


BEPOBT  OF  THE  CHIEF  OF  OBDVASCE. 


ities,  that  for  the  8-inch  riile  very  ordinary  indeed,  but  it  in;iy  be  said 
on  their  behalf  that  a  trunnion  hoop  is  a  diflBcnlt  shape  to  tor^e. 

The  qualities  guaranteed  by  Whitw  ortU  ^  Co.  for  the  S-iiicli  breech- 
loading  rifle  tube  and  jacket  were  a.s  lollows,  on  specimens  2  inches  in 
length  between  shoulders,  viz :  Oil  tempered : 

Fbisfic  limit  ......••,.••...,...«............••«........  21  torm. 

Ttiit^ile  strepgth  •   43  tons. 

SlongsUon   15  per  oent. 

B«diio«f<^  In  MTM   90  per  Mitt. 

The  above  qualities  to  be  considered  as  a  minimum. 

The  physical  qualities  found  by  actual  test  of  the  8-inch  breech-load- 
ing rifle  tube  and  jacket,  made  on  specimens  3  inches  between  shoul- 
dars  and  taken  tangentially  fiom  the  breech  end  were  as  follows,  vii : 


Tbe  tests  of  longitodiiial  speolmens,  2  inehea  in  lengrth  between 
flhouMera,  were  scaroely  better  than  the  above,  vbile  th'e  results  ftom 
Dompression  tests  were  even,  worse.  The  metal  in  both  tnbe  and  Jacket 
is  qnite  irregular  in  quality,  and  only  the  exterior  of  the  jacket  gives 
any  evidence  of  oil  tempering.* 

Fall  reports  of  the  tests  were  forwarded  to  Whltworth  &  Oo*  aboat 
two  months  ago,  and  the  fiorgings  will  be  replaced  by  new  ones. 

The  difflcnlties  above  reoonnted  in  proearing  steel  firom  abroad,  even 
for  experimental  gans,  makes  manifest,  wlthont  lengthy  comment,  the 
necessity  for  home  prodnetiCD.  It  is  hoped  that  the  very  pressing 
needs  of  the  Department  and  the  diificuUies  ander  which  it  now  labors 
in  attempting  to  secure  snitable  materials  for  gan  constracUon,  may  be 
relieved  through  the  prompt  and  energetic  action  of  Congress  at  its  next 
session.  The  steel  makers  of  this  country  will  not  undertake  the  prodac> 
tion  of  steel  on  a  scale  adequate  to  our  wants,  without  the  inducement 
of  being  fairly  remunerated  for  their  outlays:  aiul  the  importance  for 
immediate  action  on  the  part  of  Congress  for  holdiiif*  out  such  iridiic«- 
meuts,  by  liberal  appropriations,  cannot  be  over-e«itimated.  The  truth  of 

*  ftinoe  tba  •bove  wm  writtMi,  teDule  toate  hrnn  been  made  om  tsngwitial  apeoivMiu^ 
S  inobM  In  length  between  0honiden,  taken  from  the  miictfa  end  of  the  8>ineh  tnb^ 
with  the  followuagmean  ramiltfl : 

Elastic  limit  24. 1  tOttfl. 

Tennite  stren^ff  1i  . .  ......... ................ ............  ••.«  44.  r>  t*>r\». 

IJItiiimt©  oloiigaljou    per  vrut, 

Xliese  figuree  coufirm  the  suspicious  of  Messrs.  Whitworth  &.  Co.,  $l8  expressed  in  a 
«Qoamnni«»tion  to  thi^  ofltce^  that  the  low  q^aalities  found  in  the  breeoh  ende  of  tube 
and  Jaoket  were  dne  to  werhmting  in  the  annealing  proeen,  enbeequent  to  otUtempev- 
ing.  It  wae»  perbapti  one  of  those  accideiilH  uow  and  then  almont  tinavoidablo  in 
steel  njannfartnre,  find  in  tio  w{?h'  (irtVM  ts  the  jjreat  rejnitation  of  "WIti' rv.irth  A.  Co», ao 
long  held  and  sustained,  for  the  superior  quality  of  their  steol  ]>roduut«. 


Tenrile  atrength 
Elongation  , 


Elastic  limit 


Tube.  Jacket. 
15. 6  tons.        17. 8  tons. 
37    tons.        87. 4  tons. 


fl0.9peroont.  SS.eperoent 
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thiB  statement  is  appannt  when  it  is  considered  that,  even  after  ample 
eneomagement  liaH  been  afforded,  considerable  time  mast  elapse,  say 
two  years  or  more,  belbre  the  requisite  plant  can  be  deigned,  constructed, 
and  set  up,  and  the  production  of'  steel  in  masses  of  sufficient  size  and 
of  suitable  quality  for  gun  construction  can  become  a  practical  suco^s. 
Then  the  mannfactiirf"  aii<l  tost  of  the  experimental  or  tyi)ical  «^nii.s  will 
•  require  at  lonst  t\vo  \  «»;!rM  tnoTP,  even  ior  themor*'  T?H»<ierate-.size(l  calibers, 
before  the  mauulocturo  ot  guii.-^  in  quantity  ran  be  proeeeded  with.  It 
wn>!  Tinder  a  cleai^ apprehension  of  th«*se  facts  and  a  dee}>  eojivietion  of 
the  importance  of  saving  time,  that  the  Dei)artnient  deteriiiioed  to  pro- 
cure if  practicable,  the  tubes,  jackets,  and  trunnion  hoops  for  tiie  llrst 
experimental  guns  from  abroad,  hoping  in  that  way  to  establish  a  start- 
ing point  in  the  muaufacture  of  steel  guns,  and  thns  avoid,  so  far  as 
])ossibIe,  the  deiay  that  must  hereafter  inevitably  arise  when  steel  shall 
be  procurable  in  this  country,  for  want  of  some  well  tested  and  deti- 
nitely  established  types  of  gun  construction  as  standards.  Thus  far  its 
eflbrts  in  thie  divectioii  baTe  been  attended  with  little  saoeeee,  neyer* 
thelesa  it  will  eontioae  to  p^st  in  its  purpose,  believing  that  tlie  im« 
portanoe  of  the  otvlect  sought  fully  justiflee  anch  a  policy.  Types  of 
gone,  of  at  leaet  8  and  10  inehes  catiber,  shonld  be  fhlly  established  bj 
tiie  time  that  our  steel  makers  are  in  a  condition  to  ftimish  the  steel 
required  for  snch  oonstmotions,  id  order  that  there  may  be  an  immediate 
demand  ibr  their  prodnets. 

Midvalt  steel  hoops  and  breech  bloeks. 

Tl>«»  steel  forcings,  for  the  jrnns  ii(»w  under  roust  ruction,  whi(di  the 
l)e])artment  lias  been  able  to  procure  from  Amen  ui  iiianufacturers — as 
the  hoops,  I  rc.  rii  lilocks,  &c. — and  whose  pro<luciiou  came  within  tlie 
capacity  oi  existing  jjlant.  are  of  the  very  hi^^hest  quality,  and  are  an 
earnest  ot  what  excellcTice  it  may  be  expected  will  be  attained  here  und^ 
larger  facilities  lor  uiauufacture. 

The  hoops  for  the  steel  8-inch  breech-loading  ritle,  the  12  inch  miizzle- 
loiidiiig  ritie  mort4*r,  the  12  inch  ritle,  cast  iron  hooped  and  tubed  with 
steel,  most  of  the  nw^a  lor  the  wire  guus,  and  the  forgings  for  the  se\  eral 
breech  blocks  have  l>een,  or  are  now  being,  manufactured  for  the  De- 
partment by  the  Midvaie  Steel  Company,  Nioetown,  Philadelphia,  Pa. 
The  hoops  are  made  from  open-hearthed  steel,  either  rolled  or  hammered 
into  shape,  aeoording  to  their  sixe,  and  afterwards  oil-tempered  and 
lightly  annealed,  as  oontemplated  in  the  circular  letter  issned  by  the 
Bepartment  under  date  of  April  8, 1883. 

The  resnlts  of  some  experiments  made  in  1883  with  trial  hoops,  tern* 
pered  and  nntempered,  and  the  first  tests  made  under  the  contract  for 
supplying  the  Department  with  the  hoops  Ibr  the  12>inch  mortar^  gave 
rise  to  doabts  as  to  the  propriety  of  the  treatment  by  oil  tempering  and 
annealing.  There  was  evidence  of  a  wantof  uniformity  untheoil  tempered 
hoop,  and  a  deficiency  in  the  requisite  stiffness  for  the  outer  envelopes 
«f  a  gun.  The  manu&cturei  therefore,  of  the  12-inoh  mortar  hoops  was 
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suspended  until  some  further  trials  and  test*  could  be  executed.  Bat 
in  tbe  end  the  excellent  qualities  obtnincd  iu  the  hoops  thus  tre.ited— 
oil  tern i>ered  and  annealed — was  fully  established  (see  A])pendix 
and  that  mode  of  treatment  was  definitely  adopted  tor  all  the  hoops 
under  niannfuctini'.  The  physical  qualities  as<letermiuetl  tVom  ihe  tests 
of  tau^'eiilial  speciuiensi    inches  between  shoulders,  are  as  tullow«,  viz: 

Elastic  limit  t<\  30  tons. 

Teuaile  strtbugth  45to50  tons. 

Ultim»t0  elougation  ^IS  to  16  per  orat. 

The  above  figures  are  fully  equal  to  the  highest  claimed  by  Whit- 
worth  &  Go.  for  the  characteristics  of  their  steel  hoop«* 

In  this  connection  I  desire  to  accord  to  the  managers  of  the  UidTale 
Bteel  Works  the  high  praise  they  have  so  Justly  earned  through  their 
intelligent  and  skilUhl  methods  of  working  and  treatment,  and  by  their 
untiring  perseverance  in  experiment  and  researeh,  in  attaining  at  so 
early  a  period  an  equality  with  the  very  best  known  standavds. 

The  hoop  required  for  the  124neh  breeoh-loading  rifle,  east  iroot 
hooped  and  tubed,  being  of  dimensions  too  great  for  the  existing  roU- 
ing-mfll  at  tbe  Midvale  Steel  Works,  it  became  necessary  to  enlarge  the 
mill  and  make  new  rolls.  These  hoops  are  now  being  tnmed  out  from 
the  mill  to  finish  to  a  length  of  12  inches,  the  finished  interior  and  ex- 
terior diameters  being  as  follows,  vis : 

Interior  Exterior 
diameter.  diameter. 

InneriDW   99.SO  46.90 

Oiit«riow   46.90  69.70 

The  greater  part  of  these  hoops  are  now  rolled,  and,  so  teas  the  pre* 
liminary  tests  have  been  made^  they  equal  in  quality  the  smaller  hoops 
for  the  12-inch  mortar  and  8-ineh  rifie. 

The  forgings  destined  for  breech  blocks,  of  tbe  interrupted-screw 
type,  were  hammered  endwise  a«  well  as  laterally,  and  after  being  bored 
through  were  oil-tempered  and  annealed  in  the  same  manner  as  the 
hoops.  The  mean  physical  <  pi  a  1  it  ies  as  determined  fkom  tensile  tests  of 
tangential  specimens,  3  inches  between  shoulders,  were  as  follows,  vis: 

8p«eiilc  grwitr   7.8048 

HardQ0f«4  'iO.  64 

Elauitic  Hunt  23. 5tODB. 

TenBileatreogth   44.2  10118. 

Ultimste  ebrngAtion  17.8peroent. 

Bednetion  in  at«»  96.6peroMit> 

The  results  fh>m  compression  test  of  tangential  specimens  12  inches 
in  length  were  as  folIowS|  vis : 

EUotlo  limit  91.7  tonfl. 

Strength  9li.4tofu. 

Substautial  progress  in  the  production  of  heavy  ordnance  being  nec- 
essivrilj' slow  makes  it  expedient  to  utilize  to  the  ntmost  any  exist iu^j: 
armament  or  available  material  on  hand.   The  casemates  and  barbettes 
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of  most  ot  our  sea-coast  defenses  are  at  present  a<iai>ted  to  the  10-inch 
fiuiooth-bore  cast-iron  tjuu.  The  power  of  this  10-inch  gun  has  been 
largely  increased  bv  converting  it  into  .ui  S  inch  ritie  by  means  of  a 
lining  tube  iujserttHl  into  the  bore.  This  couvurttjd  gnn  has  shown  ^Mcat  • 
endurance,  and  very  considerable  power  of  penetration.  It  ha«  riiere- 
fore  been  the  policy  of  the  Department  for  the  past  few  years,  with  the 
i4»proTal  <tf  Congres^i,  to  marndbotare  annually  a  number  ot  these  8- inch 
coQTerted  rifles  to  be  Bubetttnted  for  the  lO-inoh  guns  in  our  forts,  and 
oDtil  more  powerful  gnus  can  be  Fvooared  to  replaee  in  tarn  the  8-!aoit 
eoDverted  rifles.  Heretofore  the  lining  tnbe  em  ployed  in  the  conversion 
has  been  of  coiled  wrongbt  iron ;  the  tabes  being  fbmlshed  solely  by 
the  West  Pdnt  Foundry  Assoefatfon,  Cold  Spring,  liT.  Y.,  and  the  in^ 
sertion  of  the  tnbee  with  all  later  gnns  being  through  the  breech.  With 
a  view  of  widening  the  fleid  for  competition,  as  well  as  of  simplifying 
the  construction,  the  idea  waa  entertained  that  if  a  steel  lining  inserted* 
through  the  moxsle  coold  be  employed  both  those  ends  would  be  italrly 
attained,  and  the  cost  of  conversion  be  materially  vednced.  Accord- 
ingly, daring  the  past  year,  a  10-inch  gnn  was  converted  on  this  plan, 
the  tube-^n  annealed  forging  fnm  open*faearth  steel-^ingfiiniished 
from  the  Midvale  Steel  Works. 

In  determining  upon  the  physical  qualities  for  the  steel  tube  to  be 
employed  in  such  conversion,  and  which,  for  economical  reasons,  would 
be  inserted  loosely  into  the  casing — with  h  slight  play — regard  was  had 
to  the  rjunliticH  of  the  wrouglit  in»n  tubes,  heretofore  successfully  used 
in  like  constructions.  It  was  cspeeially  desirable  that  the  steel  should 
possess  very  consideral>l*i  exteusibility,  even  at  the  expense  of  great 
strength  and  high  e  lasticity,  in  order  that  it  might  safely  yield  nuder 
the  pressnreof  the  powder  gases  until  set  out  to  a  firm  bearing  against 
its  (  ast- iron  casing.  The  jjerFnanent  extension  of  tlie  metal  thus  pro- 
duced should  raise  its  elastic  limit  by  the  de\  eloptneut  of  what  has  been 
termed  the  apecial  elafiticity  of  the  metal  ;  at  the  same  time  the  casting, 
if  not  actually  thrown  upon  a  light  tension,  would  form  a  rigid  sujiport 
to  the  further  extension  of  the  tube,  and  thus  the  gun  as  a  whole  would 
be  In  the  best  possible  condition  for  resistance. 

The  desired  qnalitise  for  the  tnbe,  it  was  thought,  would  be  more  read> 
fly  obtained  from  a  forging  that  had  been  annealed  simply,  and  not  oil* 
tempered  and  annealed,  though  the  opinion  of  the  steel  makers  now  is 
that  equally  satisfoctoiy  results  would  be  obtained  by  the  latter  method. 
The  tensile  tests  of  tangential  specimens,  3  inches  long  between  shoal* 
den,  taken  from  both  ends  of  the  annealed  forging  for  the  tube,  gave 
the  following  mean  results,  which  were  deemed  satisfootory,  via : 

EbMtio  Unit  17.  S  ton*. 

Taiuile  itrangth  35.7  toiu. 

Elongation  24. 3perceut. 

Contraction  of  wnm  34. 6  per  ceuL 

With  metal  possessing  these  physical  qualities,  the  elastic  limit  of  the 
tnbe^  computed  in  the  usual  way,  should  be  from  7  to  7^  tons,  and  con* 
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seqaently  the  pressare  due  to  any  charge  likely  to  be  fired  from  the  gun 
would  be  more  than  roffldent  to  permaoeiitly  set  out  the  tube  about 
flie  MBl  of  the  eharge ;  with  a  charge  of  46  pooodii,  probably  tho  mftad- 
mnm  that  woald  be  used,  the  p<>riiiaiiOiit  onlargement  ahould  extend 
ftally  balf-way  up  the  bore,  at  least  under  repeated  firings.  To  the  en- 
'largement  prodneed  by  the  diieot  pressaro  of  the  powder  gaaea  moat 
be  added  any  that  may  be  dne  to  balloting  of  the  pr(]geotile»  fte.,  to  a 
mandielUng  action,  so  to  speak,  of  its  sabot,  so  that  we  shonld  expect 
a  close  contact  to  rasolt  between  tnbe  and  casing,  coextensive  nearly 
with  the  whole  length  of  the  bore. 

The  work  of  conversion  was  done  at  the  Sonth  Boston  Fonndxy  (see 
Appendix  20,)  and  af^r  \t»  oompletlon  thegon  was  sent  to  the  Proving 
Gronnd,  Sandy  Hook,  N.  J.,  and  turned  over  for  trial  to  the  Board  for 
Testing  Kifled  Cannon,  &c.,  appointed  uoder  the  aot  of  July  5,  1884. 
!Fhe  gnn  has  been  fired  five  hundred  ronuds  and  still  remains  in  good 
condition,  and  the  Board  has  pronounced  favorably  upon  this  mode  of 
conversion  (see  Appendix  21).  Bids  ha vo  therefore  bixm  invited  this 
year  for  furnishing  the  inaferials  for,  and  doinjj  the  work  of,  coTivfrting 
fifty  IO-hk  Ij  smooth-bore  guns  into  S  inch  rilles  by  lining'-  ritlif-r  w  ith  a 
coiled  w!  (  HI- iit-iron  or  a  forixed  steel  tube,  aud  that  plan  of  conversion 
will  be  adopted  which  predeutd  the  greater  economy. 

AUeraUom  of  smhxmmI  oarrioffM. 

The  work  of  adapting  the  carriages  for  the  15-inch  smooth-bore  gnns 
to  the  Increased  charges  now  employed,  as  provided  for  nnder  thd  act  of 
March,  1883,  has  been  steadily  carried  on  at  Watertown  Arsenal;  also  the 
adaptation  of  the  same  carriage  to  the  ll>inch  mnzsle-loading  rifle,  and 
the  alterations  of  the  10>inch  barbette  and  casemate  carriages  for  the 
service  of  the  8*inch  converted  rifles.  Some  preparations  were  requisite 
before  tiiis  work  could  proceed,  and  much  of  theontlay  last  year  was  for 
materials.  As  aconsequetice,  but  few  completed  carriages  have  thus  for 
been  turned  out  from  the  Watertown  shops,  although  the  character  of 
the  work  done  at  this  arsenal  ban  been  of  the  best  quality,  and  reflects 
great  credit  on  that  establishment. 

Of  the  two  breech-loading;  devices  selected  under  the  law  for  test, 
the  Maiiii  was  completed  aud  «ent  to  the  Provinjir  (Vronnd,  Santly  Hook, 
N.  J.,  eail.\  111  August.  The  Maun  gun  is^  of  6.5  inch  caliber,  aud  was 
maile  by  lining  a  lO  inch  smooth-bore  cast-iron  gun  with  a  tube  of 
Whitworth  fluid-pressed  steel,  and  applying  the  Mann  breech  mech- 
anism, also  chiefly  made  from  Wbitwortii  steel.  The  work  of  mano* 
fkctnre  was  done  at  the  Sonth  Boston  Foundry  (see  Appendix  25),  under 
the  personal  supervision  of  BIr.  Mann  himself,  witii  whom  the  contract  for 
the  gnn  had  been  made.  The  tube  for  this  gnn  and  the  forgings  for  the 
breech  mechanism  were  of  superior  quality,  and  attest  to  the  excellence 
of  the  Whitworth  steel  where  due  caie  has  been  exercised  in  its  manu- 


Digitized  by  Google 


BBPOBT  OF  THE  OHISP  OF  'OBDNANOB. 


15 


factnre.    The  meau  physical  (nialities  of  the  tube  obtained  in  tonnile 
tests  of  tangential  specimeutt,  2  iuchee  long  between  shoulders,  were  ' 
as  foUowci,  viz : 


The  teDgile  tewts  of  speoimens,  4  inches  long  between  slioiilderB,  taken 
from  the  steel  traosom  or  eroaa-head  of  the  breeoh  meehaniam  gave  the 
fi^UowiDgTeaalta: 


The  (jualities  iu  the  t'orgings  for  the  breech  strjips  were  equally  as 
gooil  'd&  the  above. 

The  trial  of  this  gun  commencod  iu  ►Septeuiber  uii(l«'r  (he  supervision 
of  the  Board  for  Testing  Rifled  (tuh.s,  Mr.  Mauu  being  in  attendance  and 
concurring  in  the  prograuinie  pursued.  The  largest  charges  used  were 
from  37  to  40  pounds  of  i)owder,  with  a  projectile  of  lOU  pounds  weight. 
The  highest  recorded  pressure  was  27,600  pounds  per  square  inch,  the 
oocreaponding  velocity  being  1,735  feet;  the  charge  in  this  instance 
was  40  pounds  of  powder.  At  the  twen^-fonrA  round  the  breech  of 
tiie  gun  was  blown  ofi^  the  maaaive  steel  erosa-bead  being  fractured 
abont  3  inobea  from  its  left  tenon^  and  with  tbe  breeeh  aerew  was  thrown 
aa  a  aiugle  fragment  54  feet  to  the  tear,  passing  thxoagb  a  heavy  tim- 
ber sereeni  the  eaat-iron  breeoh-Uoek  proper  waa  broken  into  a  number 
of  fragmenta.  The  charge  need  at  thia  round  waa  37  ponnda  of  pow- 
der, with  a  projectile  weighing  109  ponnda  ^  the  pressure  waa  lost»  as 
the  pressure-gauge  was  blown  out  of  the  gun  and  destroyed,  but  the 
leoocded  velocity,  1,748  Ibet,  indicated  that  the  pressure  was  about  the 
same  as  in  prevUms  rounds.  Section  2  of  the  act  of  July  5, 1884,  under 
which  the  Board  for  Testing  Bifled  Onus,  of  which  Ool.  T.  O.  Baylor  is 
ptesident,  wasconstituted,  provides  that  hereafter  ali  rifled  cannon  nianu> 
*  ibetnied  at  the  cost  of  the  XJnited  States  shall  be  publidy  aubjected  to 
the  proper  test  for  the  determination  of  the  endurance  of  the  same,  to 
the  satisfoction  of  the  President  of  the  United  States,  or  soch  ])orson8 
as  he  may  select,  and  authorizes  him  to  select  five  persons  who  shall  be 
skilled  in  such  matters;  it  provides  farther,  if  such  guns  shall  not 
prove  satisfiaetory  they  shall  not  be  pat  to  use  in  the  Government 
service.  In  accordnnce  with  these  provisiona  of  the  law  the  Board  re- 
ports on  the  trial  of  the  6.5-inch  M^mn  gun  that  **  This  gun  having 
burst  at  the  twenty-fourth  round  its  endnrance  was  not  satisfactory  to 
the  Board)  and  hence  it  cannot  recommend  that  it  be  pat  to  use  in  Gov- 
ernment service,'' 


Spff  itir  gravity 
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7.866 
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31. 4  p«  oeot. 


!Bhwtlo  limit  
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41  tona. 
23    per  cent. 
27    per  cent. 
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T1h>  tu]l  li  port  of  the  Board  and  oi  the  trial  of  the  gan  iB  oontalued 

in  Ai)|h*ih1i\ 

Tin*  Y;in  8  '^\xu  i8  of  8  inch  oaliher,  and  will  also  consist  of  a  10-inch 
sniooih-hore  cast-iron  prnn,  suitably  riKKiiiit  (1,  and  with  the  attarhincnt 
of  the  Yates  breech  iinvOianisni.  The  wui  k  ls  heiug  done  at  the  t:>outh 
Boston  Foundry  but  has  been  mu(;h  delayed  from  the  ditUculties  expe* 
rieueetl  in  procuring  suitable  material  for  ihis  peculiar  (construction. 
The  steel  castings  ]»rocured  from  the  Mi»l\  :ili  Steel  Company  for  the 
breech  merhanisin  developed,  in  finishing,  sarui  holes  that  caused  their 
r^ectioii,  but  a  second  set  has  been  procured  ami  Ibuad  satisfactory. 
The  first  tube  also,  obtained  from  Firth,  of  8hettield,  lOngland,  was  re- 
jected for  erroneous  dimensions;  and  a  second  tube  has  been  ordered 
from  the  Kaahua  Steel  Works,  Nashua,  New  Hampshire. 

MuHkkarge  gmt. 

The  firings  with  the  Lyman-ITaskell  mnlticharge  gun  were  discontin- 
ued after  the  thirty-third  round  on  account  of  the  development  of  a 
crack  in  the  inner  tube,  that  extends  from  a  short  distance  in  front  of 
the  foremost  yxicket  to  tlie  muzzle  of  the  gun.  This  gun  is,  however, 
befbg  repair*  (1  by  the  atUiition  of  steel  hoops  to  the  chase  portion  sur- 
rounding the  crack,  and  before  long  will  he  ready  for  further  trials. 

The  Tiews  in  full  of  this  Dejiartment  of  the  merits  of  the  midticharpt^ 
guu,  as  a  high-power  wea]><>n  suitable  f<>r  the  public  service,  as  derived 
from  the  trial  of  the  gun,  under  the  personal  management  and  suix  i- 
vision  of  Mr.  Haskell,  up  to  the  time  the  gun  was  disabled,  will  be 
found  in  Appendix  20.  Briefly  sjieaking,  the  results  as  yet  are  very 
far  from  fulfilling  expectations;  indeed  tlie  actual  power  thus  far  real- 
ized is  small  m  proportion  to  the  weight  of  the  gun,  and  to  the  weight 
of  its  charge,  as  compared  with  the  results  from  contemporary  single 
charge  steel  guns. 

Sled  oastingt. 

Daring  the  pMt  spxing  the  OtiB  Iron  and  Steel  Oompany  eabmitted 
a  piopo6ition  to  the  Department  to  flimieh  at  their  own  expose  a  rifled 
gon  of  Jbom  to  10  inches  ealiber,  made  from  a  eteel  casting  and  an* 
Ibrged,  provided  the  Department  wonld  undertake  the  test  of  each  gnu. 
It  waa  propoMd  to  cast  the  gnn,  bore  it,  and  aflerwaids  heat  it  np  and 
cool  it  from  the  interior,  with  the  olsieot  of  improving  the  metal  and 
securing  an  initial  tension,  after  the  manner  of  iron  gnns  cast  on  the 
Bod  man  plan. 

The  Department  did  not  entertain  very  sanguine  hopes  in  thesaccesa 
of  such  a  project  in  the  present  state  of  the  art  of  producing  steel  cast- 
ings, but  tliought  that  if  reasonably  good  results  could  be  obtained,  per- 
haps the  bodies  of  gnns  might  be  manufactured  in  this  way  of  Steel 
instead  of  cast  iron,  and  by  the  application  of  rolled  or  hammered  hoops 
to  the  exterior  add  sni&oient  strength  to  make  a  furiy  good  gnn.  Bat 
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as  a  ])reliininary  step  and  as  a  means  of  enablini;  it  to  jndge  of  the  value 
of  this  nu'thod,  it  was  deemed  best,  after  eou»ultation  the  Otis 
Iron  and  Steel  ('ompany,  that  an  experimental  steel  cylinder  sboukl 
first  be  cast,  and  after  treatment  in  the  manner  proposed,  be  cut  ii])  and 
subjected  to  meclianieal  test  on  the  machine  at  Wntertown  Arspnal. 
&ach  a  cyUuder  was  accordingly  cast,  and  of  tiie  foliowmg  dimensions: 

Leugth  •...,...•*......•.••••••...•.•..!:.•..«..•..    60  inclios. 

Exterior  diameter   21  inches. 

Interior  diameter.   ti  itx  heH. 

The  results  of  the  i)hysical  tosts  made  at  Watertown  Arsenal  arc 
given  in  Appeu<lix  ."^0.  They  show  very  fair  <iiialities  for  the  lower  por 
tion  of  the  cylinder,  bnt  which  deteriorate  rapidly  in  proceeding  up-  • 
wards  and  lu'come  quite  poor  at  thetoj) — as  regards  unifonnity,  elonga- 
tion, Hn<l  iA*du(!tion  of  area.  An  initial  tension  of  i6,00<i  pounds  per 
square  inch  wa^  obtained  by  interior  cooling.  On  the  whole,  the  results 
were  not  very  satisfactory,  but  as  this  was  the  lirst  trial  of  pnxincing  a 
cylinder  Huiipiy  by  casting,  it  must  be  said  that  the  results  are  by  no 
means  discouraging.  From  the  exi>erience  and  km)wled^a'  now  gained 
a  much  better  result  shonUl  be  expected  in  a  second  casting,  esi)ecially 
if  as  proposed  by  the  compauy,  tiuid  t  ompressiouof  the  metal  is  resorted 
to.  Could  sound  castings  be  obtained  with  certainty,  doubtless  a  very 
(Mr  gun  would  be  produce<l  by  their  use,  without  a  very  great  outlay 
for  plant,  though  experience  alone  oan  show  whether  If  proved  inferior 
to  forged  steel  there  would  be  a  proportioual  economy  in  guns  so  maile 
over  the  stronger  eoustnietionst  and  therefore  more  powerihl  weapons 
made  Irom  forged  and  tempered  stee). 

Pritmaiut  powders. 

Tin'  now  well  reco^niized  superiority  of  molded  pow<Uirs  of  |>risraatic 
form  with  a  central  perforation,  induced  the  Department  to  consider  the 
exjHidieiicy  of  innlei  takiny;  their  manufacture  in  this  country.  To  this 
end  the  Messrs.  Du  Pont  de  Nemours  &  Go.  wore  communicated  with, 
and  furnislied  with  such  information  regarding  the  construction  of 
powder  presses,  and  the  manufacture  of  prismatic  i>owder,  as  the  De- 
partment had  at  its  di.spos  il.  The  Messrs.  Du  Pont  readily  assented  to 
the  pixjpositiou  of  the  lieparlment,  to  undertake  the  manufacture 
of  sttch  powders,  and  for  some  montlis  past  have  been  engaged  con- 
stnieting  a  suiUible  press.  All  the  necessary  arrangements  for  the 
manufactnre  of  prismatic  powders  will  probably  be  completed  by  the 
end  of  October. 

In  this  eonneotion  the  attention  of  the  Department  having  been  at- 
traeted  to  the  remarkable  resnlts  obtained  abroad  ftom  the  so-called 
Brown  or  Cocoa  prismatic  powder,  of  German  mannthotnre^  several  sam- 
ples were  procured  for  trial  with  heavy  guns.  Samples  of  the  same 
were  also  supplied  to  the  Messrs.  Du  Pont^  who  now  have  this  species 
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of  powdetunder  investigation,  and  it  is  expected  that  at  an  earlv  <l.iy 
they  will  be  able  to  fiiruisU  piksiiiatie  powders  ^jivinof  results  equally  aei 
good  a8  have  been  obtained  with  the  Germau  Cocoa  powders. 

OhturaUng  prmer$. 

The  rapid  deterioratioD  of  the  Tent  of  heavy  guna,  in  fiimg  the  large 
dharges  now  in  vogne,  leuders  it  indispensable  that  some  vent^ealing 
devioe  be  employed  to  prevent  the  rush  of  gas  tbroagh  the  vent.  The 
most  eonvenient  way  of  effeetingtbis  obtnration  of  the  vent  is  thxDogh 
the  aetion  of  the  piimer  by  which  the  pieoe  is  fired.  Thiee  fbrms  of 
an  obtoiating  primer  have  been  manafoetnred  recently  at  the  Frank* 
ford  Arsenal,  and  are  to  be  subjected  to  tests  at  the  Proving  Groand. 
Two  of  these  primers  are  of  the  class  known  as  friction  primers,  and 
are  closely  allied  to  the  Krupp  obturating  friction  primer ;  the  third  ia 
an  eleotrio  primer  and  was  designed  at  the  Frankford  Arsenal. 

FroteeHon  of  torpedo  linet. 

For  experiuieuts  in  this  direction  tlu^  Department  procured  l»<^t  year 
a  Hotchkiss  47  sin^de  barrel  shoulder  gun,  and  a  Hotchkiss  53 
revolvin^r  caimon.  Owing  to  delay  in  procnrin*;  suiUible  powder,  and 
tlji'  more  preKsin;x  urgency  of  other  work,  no  extended  trials  witli  these 
guns  hiivii  as  yet  been  made }  they  will  be  taken  in  hand,  however,  early 
in  the  coniin-^  yrar. 

A  table  ot  ^lata  respecting  the  Hotchkiss  single  barrel  guns  lur- 
uished  by  Mr.  Hotchkiss  is  exhibited  in  Api)eudix  24. 

£jq^erimentM  teUh  high  expkmoei. 

The  fortification  bill  approved  July  5, 188i,  provides  that  a  snm  not 
exceeding  fifteen  thonsand  dollars  maybe  nsed  for  the  expenses  of  ex- 
periments in  the  use  of  dynamite  orotherhigh  explosive  prqtectUes,"  and 
the  Department  has  given  all  proper  assistance  and  enoonragement  to 
private  parties  having  designs  or  inventions  tiiat  promised  snocees. 
The  triids  thns  Ihr  have  been  tentative  merely,  and  nothing  has  been 
develoi»ed  that  calls  for  any  detailed  mention. 

Experiments  have  been  made  dnringthe  year  by  the  Ordnance  Board 
in  flriug  shells  charged  with  explosive  geh^tSoe  from  service  gnns*  The 
practiciibility  of  making  such  firings,  nsiog  ordinary  gunpowder  as  the 
propelling  agent,  with  safely  and  certainty  seems  now  almost  assured. 
Some  8-iDoh  steel  shell  have  been  ordered  with  a  view  to  increasing  the 
penetration  in  iron  plates,  and  with  the  expectation  that  the  explosive 
effect  of  the  gelatine  will  thereby  be  considerably  angmented. 

STEEL  GUNS  AND  CARSIAOEfl  FOB  VTSLD  SEBVTOE. 

Till  sieel  3.2-inelj  breech  loa<liii^^  ;;ini  designed  by  the  Ordnance  Board 
is  now  under  trial  by  the  Board  for  Testing  Killed  Iruns,  &c.  The  gun  i» 
made  from  open-hearth  steel,  supjilied  by  the  Mid  vale  Steel  Company, 
and  consists  mainly  ot  a  steel  tube,  forged  and  annealed,  a  steeljacket^ 
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forged  and  oU  tempeced,  a  trannioii  hoop,  whieb  is  an  crit*tempered  steel 
eastingy  and  a  sleeve  and  a  key  ring  of  ftstged  and  oil'tompered  steel. 
The  length  of  bore  is  26  oalibers^  the  weight  793  pounds,  and  the  rifling 
ooQsists  of  grooyes,  having  a  onffbnn  twist  of  one  tnrn  in  thirty  oali- 
hers.  The  gan  was  manofitotared  at  the  Watertown  Arsenal  (see  Ap- 
pendix S3),  under  the  snperrisioD  of  l^for  Parker. 

The  exijerimental  clianioter  of  this  gan  necessitated  a  nnmW  of 
changes  in  deteils  during  its  mannfactare  $  bnt  as  the  work  was  bein^ 
done  at  a  Gov  emment  shop  no  material  expense  was  thereby  incarred. 
Indeed,  the  changes  made,  whioh  were  veritable  improvements  on  the 
original  design,  were  snggestions  mainly  from  the  OflBcers  of  the  Depjtrt- 
ment  entrusted  with  the  manufacture.  Mention  is  here  made  of  these 
facts  as  showing,  from  the  satisfactory  chH7-H<'t<>r  of  tlie  n'.siilt,  the  wis- 
dom of  prosecating  purely  experimental  work  at  some  Governmeot  ea- 
tahlishment. 

Prior  to  being  turned  over  to  the  Board  for  Testing  ]?itled  (linis, 
tlie  gun  was  tired  Home  sixty  rounds  under  the  directiou  of  the  Urd- 
naut  o  l^oiird.    (  See  Appeupix  14.) 

Tlu'  results  ol'f:nued  with  .'t^  pouudboi  powder  and  a  13-pouud  pro- 
jectile are  thus  bummarized: 


"IT"'"' 

Energy. 

TolaL 
Sll.» 

Sqoarn  inch 
of  aNMMMM»< 

Per  ccat. 

Una  wf  IS  nodi^.j 

Tim  ftiai. 

mm 

«i.n 

n 

Aeenracy  of  fire  at  a  target  20  by  40  feet  at  1  mile  distanee :  ' 

Mean  vertical  deviation  3.63feot. 

Mean  bori/«tnta1  deviatiou     3.23  feet. 

Uriiii  <l»'viat  inn  4.26  leet. 


I'ressore  and  velocity  with  3.5*poaud  charges  and  13-pouud  pr<yec- 
tile:  * 


Jdodty  lOO' 

1M6 
16K 

S7, 176  i  Uiiiig  IFtwrn  gat  cbeok. 

These  results  are  deemed  extremely  £sYorable  as  eompared  with  the 
firing  of  similar  guns  in  Euro}>ean  services.    (See  Appendix  14.) 

The  gnn  has  been  fired  in  all,  thus  far,  two  hundred  and  forty-four 
loonds,  and  without  any  apparent  injury  or  deterioration  whatever. 
The  results  of  the  firings  are  embodied  in  the  progress  report  of  the 
Board  for  Testing  Billed  Oons«        (See  A^ppendix  22.) 
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As  is  Uf,uA  Willi  experimental  work,  doubtless  the  triah  will  indicate 
some  8liglit  moditicatiouH  6till  to  be  made  ia  the  defluite  model  ot:  the 
gun. 

The.  new  steel  field  oarrUfcge  now  l>elng  U8ed  in  the  trial  of  the 
3.2-iDeh  broeoh-loiidi ug  gan  wim  mauufactared  bj  Lieuteuaut  Colouel 
Mordeeai  at  the  Waterrliet  Arsenal.  (For  deBorlption,  see  Appendix 
34*)  It  has  developed  some  points  of  weakness  dnring  the  firings,  but; 
of  a  natttre  sooh  as  to  admit  of  remedy  in  fhture  oonstroctions. 

As  it  is  bat  rational  to  antioipate  the  success  of  this  field  jpin  and 
its  oaTriage,  an  estimate  has  been  sabmitted  and  an  appropriation  is 
asked  for  to  enable  the  Department  to  continue  their  ibbrioation  to  arm 
the  light  batteries  of  onr  Army  with  a  modern  breeoh-loading  field  gnn 
and  carriage. 

During  the  past  year  a  copper-banded  prc^ectile  has  been  teeted  with 
the  3.2-iucb  field  gnn  and  has  given  excellent  reRnlts,  and  other  banded 
projectiles  of  larger  caliber  are  under  fabrication  for  exijerimeul;  a 
saitable  shell  and  shrapnel  for  the  field  service  have  also  been  devised 
and  tested,  and  point  time  and  percnsston  fuses  have  been  adopted; 
experiments  with  base  percussion  fuses  are  still  in  prop-ess. 

These  various  trials  have  been  Conducted  under  the  able  supervision 
of  the  Orduance  Board,  consistirifr  of  Col.  T.  G.  Baylor,  Muj.  G.  W. 
McKee  nnd  Oapt.  Chas.  8haler,  who  have  in  most  instances  urepared 
the  tlL*si«;iis  t4>  be  tested.  This  Board  has  tlins  dona  most  excellent 
work  in  estiil>lisliiii<^  standards  for  construction  and  supply  of  suital)le 
ammunition  for  held  and  sea-coast  service,  in  designing  a  field  str-ci  •run 
which  has  already  given  fair  promise  of  ultimate  snceess,  and,  in  con- 
nection with  Maj.  F.  TI.  Parker,  commanding  the  Watortown  Arsenal, 
in  remodeling  our  existing  outfit  of  wrought-iron  sea  coast  carriages  to 
adapt  them  to  the  larcfer  charges  now  employed  or  to  the  introduction 
of  the  converted  i  ilied  guns. 

Full  records  of  the  very  accurate  t«st8  of  the  material  procured  by 
the  Department  for  gnn  construction  will  be  pnblisbed  in  the  forth- 
coming report  on  the  Tests  of  metal  made  at  the  Watertown  Arsenal 
dnring  1884. 

Relei  encc  has  been  already  laatle  to  the  reports  by  oflicers  of  the  l)e- 
j)artment,  which  directly'  pertain  to  the  duties  of  this  office,  and  to  tho 
manufacture  of  cannon,  and  I  invite  special  attention  to  those  of  un- 
oAual  interest  and  valne  made  by^ 

Captain  Lyle^  on  the  ooDstmotion  of  the  6.6-inehMann  breech-loading 
gnn.   ( A  ppendix  25.) 

LimUmant  Birme^  on  fabrication  of  colled  wronght-iron  'tnbee  for 
8*inoh  rifle  convendons,  and  of  lilb-saving  mortars.  (Appendices  27 
and  28.) 

JAmtmant  Borupf  on  oonstmotion  of  the  8-inch  eonverted  rifie»  steel 
lined.  (Appendix  28.) 

TAeutmuint  Bruff,  on  oonstrnction  of  the  3.2-ineh  steel  breecVloading 
fiidd  gnn.  (Appendix  33.) 
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Lieutenant  Medcalfe^  on  manufactnie  of  billets  for  ateel  wire,  at  the 
Otis  &  Co.'s  works.    (Appendix  30.) 

Lietift  ntuit  HohhSy  on  mannfactiire  of  stoel  hoops,  steel  tubes,  &Cy  at 
the  Mid  vale  Steel  Works.  (Appendix 

I  have  thus  given,  in  brief,  an  idea  of  the  labors  of  this  Department, 
during  the  year,  in  tlie  line  of  gnn  constmotlon.  Tlio  exbibit  is  an  en* 
couragiog  one,  and  evidenoes  excellent  results  of  the  int^^Uigeut  stndy 
and  experience  in  practical  details  of  the  officerf;  ontmsted  with  this 
ntOHt  important  bri^ncb  of  the  ordnanoe  service.  Tliere  is  no  reason  to 
doubt  their  ability  to  grapple  with  anccess  the  most  difficult  theoretical 
and  practical  problems  of  heavy  gun  construction.  Should  Congress, 
after  fall  investigation  and  conmderation,  determine  on  appropriations 
lilu'ral  ♦'fioni^'^li  to  cTK  onr.ir'e  tho  manufacture  of  gun  steel  nrnl  toi>rocui  i> 
the  plant  lor  guu  factorieH,  for  the  proper  and  speedy  ariuaiueut  of  our 
coast  defenses,  the  country  cun  rest  secure  in  the  belief  that  this  De- 
partment, through  the  labors  of  its  ofticers,  will  attain  the  same  promi- 
licnce  in  this  regard  that  it  held  twenty  five  y^ars  afro. 

In  this  connection,  I  take  great  pleasure  in  highly  c.oni mending'  ('apt. 
C.  S.  Smith,  in  charge  of  the  constructiou  division  of  this  othce,  for  dis- 
tinguished merit  and  most  thorough  and  efficient  services. 

THE  MILITIA. 

So  much  has  been  already  written  and  recommended  in  prcvions  re- 
ports Oil  the  great  importance  of  enconraging  the  formation  of  v  olun- 
teer organizations  throughout  the  country,  by  a  large  increase  ol  lUe 
annual  appropriation  for  arming  and  eqnipping  the  militia,  and  the  pas- 
sage of  the  bill  in  the  Senate  and  the  action  of  the  House  pointing  to 
a  favorable  result,  any  further  discussion  of  the  matter  seems  unneces- 
sary. 

It  is  mteiestia^,  however,  to  note  the  opinion  of  General  Washing- 
ton, in  a  circular  leitei  to  the  governors  of  the  several  States,  from  his 
hf^qaarters,  Newburg,  June  18, 1783.   He  says: 

"As  there  can  be  little  doubt  bnt  Cou^'^reiia  will  recutaiueud  a  prupcr  peace 
wtAblithment  for  the  UDited  States,  in  which  a  due  attention  will  be  paid  to  the 
ImpoftMicA  of  plaeinf  the  militia  tbe  Utitoa  iqioii  a  xvgular  and  rMpeolable 
footing,  if  this  should  be  tlM  e«M,  I  ahonld  beg  leave  to  arge  the  great  adYaatage 
of  it  in  the  si  rongest  terms. 

''The  militia  of  this  country  mnst  be  considered  m  tbo  palladium  of  our  i^ecurity 
•ml  the  first  effectual  resort  in  case  of  hostility ;  it  is  essential,  therefore,  that  the 
•ane  eyeleitt  ehoiild  pervade  the  whole }  that  the  ibmiatioii  and  dieetpliae  of  the  tnili- 
tia  of  the  eotttiaent  should  beabeolntelj  nn  iform ;  and  that  the  same  ■peeleeof  arms, 
acconternipnts.  and  military  fi]>{i;iT  f^tiis  ehould  be  ititroflnct  d  in  every  part  of  the 
United  iJtttUfH.  No  cue,  who  ha»  not  learni'd  it  from  expericuce,  can  conceive  the  diffi- 
culty, expense,  and  confusion  which  result  Arom  a  oontracy  system,  or  the  vague  ar- 
faageneiite  whleh  have  hitherto  pievalled." 

Tliat  the  Senate  bill  now  pending  in  the  House  may  become  a  law,  is 
recommended  iu  the  strongest  terms. 
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UNITED  STATES  TESTING  MACHl^iK. 

Mf4-  B«  Parker,  oommatidiDg  tbe  Wntertowa  Araeoal  bus  made 
hia  report  of  teata  of  iron,  ateel,  and  otber  materials  for  iudnetriat  pur« 
pom  for  the  paat  fiscal  j'ear.  The  report  will  be  anbmitted  to  yon  foa 
traoamisaion  to  Congress  at  l&e  opening  of  the  nest  session,  aa  required 
by  law, 

Tbe  number  of  public  tests  made  during  the  year  was  1,424,  and  in 
aiblition  411  teets  for  private  parties  were  made,  making  a  total  of 
1,835  testa.  More  than  three-fourths  of  tbe  tests  made  were  for  Gov- 
eminent  service,  and  unless  an  additional  machine  is  provided,  as  esti- 
mated for,  all  private  tests  will  have  ore  long:  to  be  dlaermtiimed.  Tbe 
foct  that  during  the  year  tbe  niacbioe  was  diaabled  and  undergoing  re* 
pairs  for  a  period  of  forty-one  days,  is  the  strongest  argument  in  fovor 
of  additional  facilities  for  the  prosecution  of  such  important  work. 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to: 

Appendix  1.  Statement  of  principrt  articles  procured  by  &brication 
dating  the  year  ended  June  30,  1884. 

Appendix  2.  Statement  of  principal  articles  procured  by  purchase 
during  tbe  year  ended  June  30, 1884. 

Appendix  3.  Statement  of  ordnance,  ordnance  stores,  &c«,  issued  to 
tbe  m  i !  i  t  <i  ry  establiohment, exclusive  of  tbe  militia,  during  the  year  ended 
June  30,  1884. 

Appendix  4.  Apportionment  for  t1i«'  fiscal  year  ended  June  30,  1884, 
of  the  aiinnal  appropriation  of  $200,000  for  arinirigr  and  equipping  the 
militia,  under  sections  loOl  and  1667,  J'cvised  Statutes. 

AppfiidiT  5.  Statement  of  ordnaiic**,  ordnance  stores,  &c.,  flistrihuted 
to  the  militia  from  July  1, 1883,  to  Juue  30, 1884,  under  sectiou  1607, 
l{evise(l  Statutes. 

Appendix  0.  Statement  of  arms,  aniiimiiitioTi.  iS:c.,  distributed  to  tbe 
Territories  and  States  bordering  thereon  from  July  1,  1883,  to  Juue  30, 
1884,  nndtr  the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  aud  Juue 
7,  187S,  aud  the  act  of  May  10,  1878. 

Appendix  7.  Statement  ofonhiance,  oidnani-e  stores,  »S:c.,  distributed 
to  colleges  from  July  1,  1883,  to  Juue  30,  1884,  under  sectiou  1225,  Re- 
vised Statutes. 

Appendix  8.  Report  of  action  taken  during  the  year  ended  June  30, 
1884,  under  the  provistona  of  the  act  approved  March  3, 1881. 

Appendix  D.  The  oxidation  of  metallic  parts  of  the  Springfield  rifle. 

Appendix  10.  Report  of  tiie  principal  operations  at  the  Bock  Island 
Arsenal,  liUnoia,  during  the  fiscal  year  ended  Juue  30, 1884.  (2  plates.) 

Appendix  11.  Report  of  the  principal  operations  at  the  United  States 
Powder  Depot,  Dover,  IBT.  J.,  during  the  fiscal  year  ended  June  80, 1884. 
(3  plates.) 
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Appendix  12.  Dcscripnoit  ot  the  rod  bayouet  and  attacbment,  and 
front  and  rear  .si^ht  for  the  .Spi in^^licld  rifle,  model  1884.    (1  plate.) 

Append iji'  13.  ltei)ort  of  artillery  practice  at  the  iiari-owb,  >i'ew  York 
Harbor.    (3  plates.) 

BBPOBTS  OF  THE  ORDNANOE  BOABB. 

Apptmlijc  14.  l*artial  trial  of  3J2  u)ch  breech  loadmg  steel  rifle.  (4 
plates.) 

Appendix  15. — Report  on  solid-band  shell  for  3.2  inch  breech  loadiug 
steel  goo.  (7  plates.) 

Appendix  16. — ^Beport  on  shnpnel  aod  shell  for  S^incli  l»eeeli*Ioading 
ateel  gao.  (2  plates.) 

Agpendis  17.~1Yial  of  K^ineh  rifled  mortars  Noe.  1  and  2.  (8  plates.) 

A]^pendix  IS^Trial  of  tbe  improved  Oardner  gim,  caliber  .45.  (13 
plates.) 

Appemdix  10. — ^Progress  report  on  ezploslTe  gelatine.  (2  plates.) 
Appendix  20« — ^Beport  on  tbe  I^an-Haskell  molticbarge  gnn. 

BEPOBXS  Of  IBE  BOABD  FOB  TESTIXO  RIFLED  GiLNKON  APPOIHIEl) 

UNDEB  THE  ACT  OF  JTJIiT  5,  1884^ 

Appendix  21.— Trial  of  an  d-inch  miusle-Ioading  rifle^  lined  with  a  steel 
tnbe-^nverted  ftom  a  10-ineb  smooth-bore  Bodman  gao. 

Ai)i>«iidl9  22.— Trial  of  3.24noh  breech*loadiag  steel  rifle,  (t  plate.) 

Appendix  23.— Trial  of  H,  F.  Mann's  a^-inoh  breteh-loading  rifled  oan- 
noD.  (5  plates.) 

OBDHAHOB  OOBBTBUOTIOir. 

Appendix  24. — ^Tabie  of  the  Hotchkiss  single-barrel  rapid  firing  non- 
recoil  puns. 

-1  ppoi '/ ir  '25. — CJonstroctiou  report  of  the  ti^ii\ch  Mann  breech-loading 
rifle.    (1  plate.) 

Appendix  26. — Construction  report  of  an  8-inch  rifle  converted  from  a 
10-inch  iiinooth-hore  Rodman  gnu  by  lining  with  a  steel  tube.    (1  plate.) 

Appendix  27. — Report  on  the  inuuufaf.tare  of  coiled  wrouglit-iron  tubes 
and  the  conversion  of  10-iuch  smooth-bore  lioduiau  guns  into  8-iuch 
rifles.    (7  plates.) 

Appendix  28. — Report  on  the  manufacture  of  life-savuig  guns  and  pro- 
jectiles.  (5  plates.) 

Appendix  29«— Beport  on  the  manoftotnre  of  the  UidYale  steek  forg- 
ings  fbr  goo  coustrootion. 

Appendix  SO^Beport  on  the  mannftctoie  of  billets  and  ban  and  a 
steel  easting  for  gnn  constniction  at  the  Otis  Steel  Works.  (1  plate.) 

Appendix  31^Beport  on  physieal  properties  of  materials  for  gnn 
eonstraetfam  at  the  Soath  Boston  Iron  Woriu. 

.^fpendix  32. — ^Beport  on  the  mannihotore  of  piqjeotlles  and  sabots. 
(6  plates.) 
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Appendix  33. — Report  of  maiiutacture  of  3.2-ioch  breeck-loadiui;  steel 
ritie  at  VVatertonrn  Arsenal.    (14  i)lates.) 

Appendix  34. — Report  on  construction  of  metallic  field  carriages  for 
3.2-iu('h  1»nM.'cli-loading'  rifles.    (3  platen.) 

Appendix  35. — I)escrii)tion  of  tlie Piper  field  and  siege  gin.    (a  plat€»8. ) 

Appendix  36. — 'r<'sfH  of  VVhitworth  steel  for  8-inoh  breech-loading  rifle 
and  12-iuch  rifled  luurtar. 

.1  pji>  lidi.r  o7. — Tlui  barbette  carriage  for  Id  iucii  siuootii-bore  gun  and 
li-jjich  nlie.    (2  ])lates.) 

Appendix  38. — Proposed  10-inch  steel  breecli  loadiug  rifle.   (1  plate.) 


Appendix  39. — Showing  the  atatioiia  and  duties  of  the  offioers  of  the 
Ordnance  Department. 
I  have  the  honor  to  be,  very  reapectfolljr,  year  obedient  servant^ 

8.  V.  REN^iT, 
Brigadier-Qeneral^  Ch^f  of  Ordnance, 
To  tha  Hon.  Sbobbtabt  op  Was. 


Digitized  by  Google 


f 


Appendix  1. 


SUdmmt  of  principal  articles  procured     fabrication  during  the  Jwmi 

fdar  ended  JtmedOj  1884, 

1  &i2-iii«h  broeeh-kittdiiig  rifled  ttoel  gan. 

0LA88  n. 

■ 

100  gan  carriageti  for  life-»aving  servioei  * 

7  iiMtalUo  MurrUigeB  fi>r  S^brali  Mb. 

2  metaUieliinbeisfor  3.20  iiuh  rifle. 

1  carriage  nnd  cliassis  for  11 -inch  rifle. 

1  oarriage.aud  chassifi  for  15-iQcb  gun. 

Olabb  UL 

1  breech-si g])t  for     ]ki  ti  nder  moanteia  bowitser* 

3  breech-sights  for  .^iuch  rifle. 
100  combination  leveU. 

103  ehocks. 

8  ftiae-plag  wreaehM. 
100  gunners'  havetsacks. 

7  pnn  covers. 

14  guuners'  sleeves. 

01  haodspikee. 

18  8et8  artillery  harness  fSor  3-wheeI  hoiM. 

10  sets  iiMTTiesH  for  Laidley  oavalry  forge. 

170  harne.s8  .sacks. 

118  luuyHrds. 

9  mnaile  or  ftoot  eigbtfu 
200  powder  meMQies. 
132  priming  wires. 

5  poaches  lor  sights. 

100  qaoins. 

60  aeooring  atakea. 

17  scrapers  for  cannon* 

16  shot  carriers. 

12  sponge  covers  for  3-inch  ritie. 

13  sponge  covers  for  3.2-inch  rifle. 
20  aponge  eorera  for  12-poiind6r  gnn. 

2  siKJiige  covers  for  G-ponnder  gun. 

100  spmige  covers  for  2^-inch  life  saving  guns. 

20  sponge  covers  for  12  pounder  moantain  howitzer. 

100  sponges  and  rammers  for  2^inoh  life-saving  gans. 

14  apougea  and  xammecs  for  3.a0-inoh  rifle. 
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2  sponger  aud  rammers  for  S-iiu  h  sic-ge  howitzer. 

1  spouge  and  rammer  fiir  6-pounder  gun. 

70  spongea  and  rammers  for  12-poauder  mountain  howitaer. 

90  sponges  and  rammers  for  3-inch  rifle. 

6  spnncjres  and  staves  for  lO-inch  Rodman  gon. 

26  siKHi^ds  and  staves  for  3  iuclt  rifle. 

2  epongea  and  etavee  for  8.2-!noh  rifle. 
21  sponges  and  staves  for  12  pounder  gno. 

4  sponges  and  staves  for  1  *>  :th  ]i  rifle. 
1  spoTifje  and  stave  for  20-iucii  gun. 

46  vent  cover«. 

18  yent  pieces. 

20  wipers  for  moftan. 

1  poclcet  wiping  appnnitiiK  for  mnllaohaige  gun. 

100  wiping  rods  and  wipers. 

Class  IY. 

85  8.2-Inch  sbell. 
25  3.2-inch  shrapnel. 
123  4.2.uieh  Boieka  shot 

Class  Y. 

17  S  inch  service  canister. 

5  8  inch  wire  canister. 

25  12-pouiider  shell,  strapped. 

(Jlass  YL  ♦ 

H,  380   Springfield  rifles,  caliber  .45. 

753  ChLiffee-T^eece  insigasine  riflsSi  caliber  .45 
250   oflicer's  swords. 
1  cavalry  saber. 

Olahs  VII. 

ABTILL8BT  AOOOHTBXlOBHTg. 

2, 700   saber  belts. 
200  i»aber-belt  plates. 

• 

oayalby  aoooutxbmhnts. 

(i,  102  carbine  slings. 

2,676  saber  belts. 

102  saber  slings. 

1, 000  Kal>er  snaps. 

f)9  Stuart's  attachments. 

li  404  pistol  holsters. 

975  revolver  belts. 

niFABTKT  aQuxnoum* 

9,810   bayonet  scabbards. 

li  733   bayouot>scabbard  bodies. 

^010  blanket  bags. 
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IS,  010  blanket-lNig  shoitlder  «trap». 

980  pair  coat  straps. 

1,828  cIothiDgbag  straps. 

6, 200  canteens. 

801  canteeu  straps. 

1, 000  oanteen  coven. 

50  canteen  corks  and  chains. 

4, 551  cartrido^e  boxes,  pattern  1874^  McKcevcr. 

.8, 710  cartridge  belt  plates. 

2  cartridge  belts. 

12  frogs,  sliding. 

3, 896  gnn  sUnfrs. 

4, 704  liaversacks. 

1,54)0  haversiKik  straps. 

4,655  huntiug  kuite  scabbards. 

7, 300  meat  cans. 

6,000  tin  cnps. 

0.  911  waist  belts. 
3,093  waist  belt  plates. 

1, 700  waist  belts  and  xdates,  pattern  1874. 

2  waist  belts,  non-commissioned  officers. 

AFPBllBAGBfl. 

400  brush- wipers  for  shells. 

141  bullet  moldB,  4  balls,  caliber  .45. 

2ti0  cleaning  rods  for  shot-guns. 

12, 604  headless  shell  extractors. 

15,319  scTow  driverR. 

2S,  291  wooden  wiping -roils. 

500  pine  plags  for  rifie-mnzzle. 

1  spirit-leivel. 

HOABB  £QU1PM£MTS. 

3, 171  bridles,  curb,  cavalry. 

7, 008  bits,  curb,  cavalry. 

1,000  bridles,  wMtiM'ing, 

119  carbine  ^oi'.kets. 

1  carbine  holster. 

Sg  001  dnohas,  or  hair  girths. 

808  cincha  straps. 

238  girth  safes. 

3  currv  combs. 

1,  240  baiCers  and  straps. 
1,  918  halter  straps. 

281  halter  headstalls. 

3  headstalls  for  bridles. 

48  halter  bolts. 

60  halter  squares. 

6,  OOO  fhstcners  Ibr  side  lines. 

1  ()o  foot  staples,  brass. 

2w  brass  staples  for  saddle  bacs. 

0.  150  horse  brushes. 

1,  OOO  horse  covers,  with  surciogles. 

40  loops. 
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Sj  791  DOse  bags. 

312  ovals,  gaard  plate. 

3,980  picket  pins. 

1  rifle  boot 

2,003  saddles,  cfivnlry,  lealher*ooTered. 

82  saddle  cloths,  bair. 

22  saddle  bags,  leather. 

,     24  saddle  bag  atada. 

S,37G  atdelinea. 

Iy096  Hpnr  straps. 

430  stirrup  straps. 

1  wooden  stirrup. 

.1,906  staples  ibr  rings. 

600  lings,  D* 

Class  VIIL 

15^477  blank  cartridges,  34ncli  gun. 

8, 579  blank  cartridges,  r»  poiinder  gan. 

4,689  blank  eartridges,  A  pound. 

1, 230  blank  cai  UidgeB,  I  pound. 

500  blank  eartridges,  2  pound. 

4, 300  blank  cartridges,  12  ]K>undar  mottntaitt  howitser. 

[    18,178  blank  cartridges,  light,  12-ponrHl<*r  jjnn. 

800  blank  cartridges,  heavy,  12-pouiKlei  ^un. 

7,417, 135  ritle-ball  cartridges,  caliber  .45,  reloading. 

583, 796  rifle  and  carbine  blank  cartridges,  caliber  .45,  reloadinic- 

40,700  rifle-ball  cartridges,  caliber  .45, 2.4-inoliahell,  reloading,  80 
grains  powder. 

1,019, 149  carbine  ball  cartridges,  caliber  .45,  reloading. 

508, 218  revolver  ball  cartridges,  caliber  .45,  rt^loading. 

257, 016  revolver  blank  cartaridges,  caliber  .46,  reloading. 

5, 0f>8, 0(K)  riiie  bullets,  caliber  .45, 500  grains. 

899,538  carbiiu"  1>T!n<'t8,  caliber  .45,  405  grains. 

122, 000  rev(»l\  i  r  bullets,  caliber  .45. 

2, 112, 700  round  balls,  caliber  .45. 

6y  380  electric  primers  for  cannon. 

514  metallic-fnse  pings,  time. 

51  wooden  fbses. 

Glass  IX. 

1  capstan. 

10  capstan  bars. 

2  aiming  stands. 
12  chocks,  gio. 

0  disks. 

1  gin,  field,  and  siege.  Piper  pattern. 
144  guards  for  fencing  swOTds. 

2  liaiid  carts. 

1  portable  harnesi»  rack. 

6  platforms  for  mortivrs. 

7  platforms  Ibr  siege  carriage 
6, 6S8, 000  paatere. 

5  rollers,  loTip. 

5  shifting  pl^ks. 

6  skids. 
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334  8hot  luarkB. 

184  sigual  flags. 

71  streamers  for  rifle  raoge* 

3  targets,  BrintoD. 
17  targets,  Cashing. 

919  targets,  Laidtey  levolving. 

6  truck  targets. 

9,  550  pni>er  targets. 

1,  Q^}^  target  frames. 

362  parts  of  targets. 

830  parta  of  Laidley  revolTing  targeto. 

BSLOADIKQ  TOOLS. 

M  boxes  reloading  tools. 

1  set  hand-reloading  tools. 

152  ballet  mold  prntps. 

65  blocks,  1)1  imiii;;,  lead. 

100  caps,  crimping  die. 

124  chargers. 

255  combination  anvils. 

04  funnels. 

178  bottoms,  relua<liii^r  tool  boxes. 

10  primer  extractors. 
170  priming  tools. 

11  priming  tool  spindles. 
840  pins  for  primer  extractor. 
367  rel()ii(li!i<^  dies. 

226  relouUing  punches. 

234  resizing  dies. 

100  resizing  punciies. 

50  resizing  die  sockets. 

62  shell  scrapers. 

2  screws,  primer  extiiu^turs. 

1  key  and  washer  for  Hiohaelis^  powder  charger 

103  washers  ior  reloading  punch. 

(Jlass  X. 

13  ammonition  chests. 

1  axle  body  for  field  carriage. 

1  bed-plate  for  Ciatliiii;  pnn  cnrriage, 

1  boUter  for  4.5- inch  siege  carriage. 

1  linch  pin  and  washer,  Laidley  cayalry  forge. 

2  pair  shafts  for  Laidley  cavalry  fhrge. 

10  poles,  field  or  si«  <r«'  <  nrrianre. 

2  thills  for  Hottihkiss  luountain  carriage. 

6  rear  huster  bolts  for  15  inch  chassis. 

8  carriage  hooks  for  15-inch  chassis. 

4  singletrees  for  caisson  of  3.20-inch  rifle. 

2  splinter  bars  for  caisson  of  3.20>inch  rifle. 

2  straps  for  field  caisson. 

2  middle  rails  for  field  caisson. 

6  stay  pinkeye  for  fleid  caisson. 

16  traces  for  splinter  bars. 

1  wheel,  Ko.  1,  complete* 
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1  wheel f  No.  5,  complete. 

1  wiicrl,  Archibald  patent. 

1  wlieel,    Sarvin  patent. 
10  shoes  for  ^o.  I  wheel, 
18  collars. 

2  saddles. 

41  valise  straps. 

12  seats  for  driver's  saddle. 

7  iron  props  for  spouges  aod  rammers. 

2  handspike  rings. 

00  rammer  heads,  3-ineh  gun. 

10  rammer  heads,  6  pounder  gnn. 

24  rings  for  rammer  heads. 

60  sponge  heads,  3-inch  rifle  gun. 

10  6|)ouge  heads,  G  i>oaDder  gun. 

32  sponges,  12  |>ounder  monntatai  howitwr. 

4  sponges,  13-inch  sea-coast  mortar,  woolen. 

200  \vo(mI  salwts  for  15-incli  gnn. 

50  sabot.s  for  nmiticharge  gun. 

76  sabot  coppers  for  mutieharge  gun. 

200  sabot  leathers  fyr  multicharge  gun. 

200  tin  straps  for  wood  sabots,  15-inch  gnn. 

SP^BE  PARTS  OF  SPRINGFIELD  RIFLE  AND  OASBINS,  VIZ: 

1, 982  stocks  (wood  part)  Springftsld  rifle. 

81  tips. 

118  tip  screws. 

324  ramrod  stops. 

56  baiid  springs. 

70  side  screw  washers. 

95  butt  i)hites. 

J56  butt  )>hite  screws. 

26  guard  plates. 

75  gnard  bows. 

173  giiaiil  bow  swivels. 

257  guurd-bow  swivel  screws. 

32  guards,  complete. 

200  guard-bow  nnts. 

1, 249  triggers. 

700  trigger  screws. 

638  guarti  screws. 

890  rear-sight  bases.  t 

796  rear-sight  baae  springs. 

1 , 358  rear  sight  base  screws. 

1,  603  rear-sight  leaves. 

1,097  rear  sight  slide  plates. 

904  rear  sight  slide  blocks. 

800  rear  sight  slide  springs. 

7, 520  rear-sight  slide  serewa. 

780  rear-sight  centering  phM. 

837  rear  sight  joint  pins. 

5,  724  real  tiight  buckhoni  plates. 

106  rear-sights,  eomplete. 

80  barrels. 

3, 126  rear  sight  oovers. 
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3, 421  extractors. 

86  hinge  pins. 

1, 506  ejectur  springs. 

d|  283  ejector-spring  apliidleii 

05  ejector  studs. 

1^  cam  latcheti. 

406  1yreeoh*b1oek  caps. 

134  thmiib  pieces. 

19  breech  blocks. 

S,  259  breech-block  cap  screws. 

6, 982  firing  pins. 

9f  096  firing-pin  amwa. 

646  cam-iatoh  springs.  • 

42  breech  screws. 

859  front  sights. 

329  front-sight  rivets. 

If  067  tang  screws. 

20  carbine  bands. 

10  band  swivel  hooks. 

27  baTids,  upper. 

10  baud  6wivei  pins. 

48  hands,  lower. 

Ill  look  plates. 

1|675  main  springs. 

56  main-spring  swivels. 

24  main-spring  swivel  rivets. 

28  hammefs. 
1,020  tiimblens. 

3, 540  t  II  mbler  screws. 

2, 6.S0  bridles. 

306  bridle  screws. 

1,780  sears. 

2, 020  sear  serews. 

1,440  Rfnr  sprinp^. 

874  star- spring  screws. 

918  side  screws. 

372  ramrods. 

3  ramrods,  jointed. 

495  bayonets. 

60  bayonet  cUisps. 

445  bayonet-clasp  screws. 

136  bayonets,  complete. 

186  locks,  complete. 

624  stocks. 

1, 136  pistol  grips. 

508  pistol-grip  seiewa. 

61  Imrrel  stnds. 
10  ro<l  bayonets. 

35  rod-bayonet  springs. 

12  firiog-pin  springs. 

1  stock  flbr  offleers  rifleu 

1  ramrod  head 

1  ramrod  tip  " 

2  thimbles  " 
7|300  canndge  bags,  ^  pouud. 

600  eartridge  bags,  1  pound. 
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3, 000  cartridge  bags,  2  pounds. 

9, 000  eartddge  bags,  3-inch  gun. 

4, 610  cartrid'^e  bags,  O  pounder  gun. 

70  cartridge  biu^rs.  ii-iiich  siej?*^  f^im. 

3f  132  cartridge  bai;s,  8  iut;h  convened  ririe. 

900  cartridge  bags,  10-inch  Eodmau  gun. 

13,  OOO  oftrtridge  bois,  light  12-poiiiider  gmi* 

150  cartridge  bags,  3J*inch  breeoh-Ioading  chambered  rlile* 

2,000  cartridL'^' b;i<rs,  1 2-poander  mocmtain  howitMT. 

4|  025,  000  cartrid^ie  pi  iniers. 

4|  110  ritie-cai  tridge  shells. 

08,000  revolver  cartridge  abelle. 

14)891  shot-gon  oartridge  shells.  • 

MiSCBULAKEOUS. 

X,  5C7  arm  chests. 

4|  199  boxes,  packing. 

1  box,  packing,  tin. 
200  ]>o\Mler  barrels. 
44iS  cans,  tin. 

2  book  cases. 

1  mail  pouch. 

21  tree  guards. 

50  boxos  cleaninjr  mntcrial. 

50  boxes  of  ingredients  for  leather  blackinjr, 

5  pounds  of  iugredientii  for  leather  blacking. 

114  portable  arm  racks. 

2  book -racks. 

2MM)  boxes  stencil  blacking. 

2  stands  for  polijshing  wheels. 

40  ounces  scouring  materiaL 

173  qnarts  blacking  Ibr  leather. 

1^  pints  browning  mixture. 

2  arbors. 

590  brashes,  assorted. 

10  bitts,  assorted. 

2  calipiers. 

164  chisels,  various. 

13  clamps,  saddlers'. 

500  disks,  i)ressnre,  copper. 

1,  974  dies,  various. 

1,264  drills. 

11, 100  copper  flinders. 

2  dippers,  tin. 

1, 379  hies,  assorted. 

1  furnace,  plumbers'. 

1  fhmaee,  annealing. 

60  gauges. 

600  ga«  checks. 

9  haniniers. 

22  horses,  saddlers'. 
12  mallets. 

1, 129  mills,  armorers*. 

126  mnndrpls, 

1  polishinj^  frame. 

676  puuches,  assorted. 
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309  reamm. 

3  Mrapere. 

2  sets  stamps  and  flgmeB* 

6  pulleys. 

13  seal  stamps. 

1  set  Btendl  ootfti. 

160  taps,  variona. 

1  indenting];:  tool. 

1,  358  tools  for  current  service. 

1  set  tools,  pressure  gauge. 

X  set  sabot  tools. 

11  wrenches. 

1  i^ax-heatiag  apparatus* 

1  glue-pot. 

2  smiths'  apron. 

10, 000  brass  bar-bnokles,  f  iuoh. 

5, 000  brass  bar-buckles,  f  inch. 

6, 000  brass  bar  buckles,  I  inob. 

902  brass  rings,  1|  inch. 

148  bra«8-riugtt,  2^  inch. 

23  cast-iron  posts. 

1  plate  sheet  iron. 

237  stoves  for  Quartermaster's  Department. 

870  parts  of  stoves  for  Quartermaster's  Dspartmeut* 

24  bpiral  sjiriufiTS. 

6  springs,  crusher  gaug6« 

4  testspedmeii-heads. 

r?  ring-gauges  for  sotting  star-gauge. 

2  ring-gauges  for  projectiles. 
2  star  gauges,  complete. 

2  sets  star  gauge  measonug  points. 

1  rifle-gaide  for  star-gauge  points. 

300  pressure  gauge  blocks. 

170  pounds  wlioel  grease. 

55  gallous  lacker. 

4, 800  pounds  harness  oil. 

64  onnces  polish  for  leather. 

537  pounds  black  paint. 

2, 140  pounds  olive  paint. 

2,211  pounds  paint,  assorted. 

50  pounds  black  wax. 


HACHmSS. 

1  machine,  dynamo  electric. 

1  machine,  loading  ftietiou  primers. 

2  machines,  foiling  friction  primers. 
1  nmcljiiic,  making  liair-rope. 

1  niacliine,  ]>ritiier  charging. 

1  machine,  primer  varnishing. 

1  machine,  cartridge  heading. 

3  machines,  head  fiimming. 

1  nuichine,  cartri<li:<'  inpering, 

2  machines,  pocket  sizing. 
2  maclaiics,  pockci  venting. 
2  primer  presses. 

6191  oBD— ^ 
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  I 

Skttemmt  o/j^meipal  orHeles  procured  hy  pwrekoM  during  ike  fearemded 

0LAS8  I. 

51  8-incli  in Ti zzle-loading  rifles  oonrerted  from  lO-inoh  smooth^ 
bore  guus. 
135  2j-iacli  bronze  life-saving  gans. 
1  uotehkifls  levolviDg  cannon,  63"*. 
1  'fiotohkiss  1-banel  shonlder  gnn,  47""« 
1   Lowell  battery  pun.  rM^:ber,  .45. 

25  QaUing  g^us  (10  barreU)  caiiber,  .45. 

r 

Class  IL 

1   carriajxe  for  Hotchkiss  revolving  OBunoni  63"". 

1  carriage  lor  Lowell  battery  gun. 

Olabs  HL 

2  baskets  for  innrtnr  ini]i1cn^0Tits. 

100  feed  ina^'aziueti,  GatUng  gun,  caUber,  .45. 

6  gnu  scrapera. 

200  paoUnSt  12  by  16  fioeli. 

2  sets  reloading  tools,  Hotehkiss  gan. 

4  sif^hta. 

5  seats* 

Glass  IV. 

74  10-inoh  mortar  sbells. 

1, 539  8-lnch  Eureka  shot. 

26  S  iiH'h  Parrott-cored  shot. 
9  s  iiH'h  ex{)erimental  shell  for  ezplosiye  gelatine* 

200  Xo-iuch  solid  shot. 

260  6.5-ine1i  Mann's  solid  shot 

1 50  0  i  n  ch  shot  for  mnltachnrge  gon. 

000  4;^  inch  Butler  shot 

5(M)  4|'lnch  Butler  shell. 

500  34nch  Butler-cored  shot 

500  S-inoh  Batter  shelL 

26  3.20  inch  Hotehkiss  case  sbot 

25  3.20-inch  Hotehkiss  sboll. 

1,620  2;^  inch  projectiles  for  life-saving  jrun. 

1,  OOO  shell  for  Uotchkiss  shoulder  gun,  47°"°. 

2, 000  shell  Ibr  Hotehkiss  rerolvlng  caimoDy  08"*«^ 

(34) 
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ChAa&  VI. 

200  Hotchkiss  magazine  rifles,  caliber  .45.  - 

24  breech  loadiog:  sbot-guns. 

2,002  Oolt^«  xerolma,  caliber  .46 

OhAaa  VII. 

d,062  saddle  blankets,  oavaliy. 

500  cavalry  saber  belts  and  plates. 

5i,950  cartri(l;:e  boxes. 

2  curry  combs. 

2  ciucha  straps. 

1, 728  eseatoheon  pins. 

138  pouud  escutcheon  pins  for  saddles. 

2  borse*  bnisbes. 

2  borse  covers. 

3  lariats. 

300  sets  knives  and  forks. 

1  saddle  bag  (California  pattern). 

1  sjuldle. 

2, 500  ytt^cl  bayouet  scabbards. 

0, 075  wat8t  belts  and  plates. 

1, 000  woven  loops  fbr  cartridge  boxes. 

OL108  Tm. 

6, 550  pounds  biu^Ciug  |K>wder. 

20, 000  poands  cannon  powder. 

124  ponnds  giant  powder. 

4,000  pounds  {jriinuhiUMl  powdor. 

40,000  poiinds  !i(>x;^ !jj>nnl  powder. 

XiHiyS25  pounds  musket  powder. 

182, 500  rifle  ball  oartridges,  caliber  .45. 

150,000  rifle  blank  cartiidges,  caliber  .50. 

KK  OfK)  rifle  blank  cartrid^,  caliber  .45. 

28,  hrfiR«j  «lKdKs. 

UOO  ^iaut  powder  caps. 

290,000  leadballete. 

10,000  lubricants. 

10  pounds  nitrn  tflycerine. 
IR'l,  000  primers  lor  cartridges. 

il,  paper  sheila.  , 

187  paper  cylinders. 

18^  800  pounds  drop  shot. 

80  roloadprs. 

1 7  sets  reloailing  and  cleaning  tools  for  skot  gnn. 

2,  iiii  feet  safetv-fuse. 

748,000  wads. 

CL.A1S8  iX. 

11  doable  blocks. 

13  single  blocks. 
3  treble  blocks. 

14  pull^  blocks.  .  . 
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6^  100  narksmaD'a  buttons. 

2  hydntnlie  jacks. 

10  rollers. 

1  sht^ave. 

2  8Ui)g  cmtti. 

2  rauge  flBdenB,  Pratt's. 

ClsABB  X,  » 

70  halter  cbains.  ' 

2, 000  halter  bolts. 

5.500  haltiT  squares. 

17,120  roller  bitcklet$. 

904  rings* 

100  stocks  for  Hotcbkias  magasine  gana. 

666  S-iDch  Batler  sabota. 

5  sjKldle-tn'es. 

16  wbeel8|  artiUeiy. 

FABX  SBOOND:  OLOZK}  BOPBi  TBXELDf  *0* 

21*7    yarrls  ?*Tn  !aps. 
175   yiirdii  canvas. 
114J^yarda  carpeting. 
1, 721  poands  ooid  and  twine. 
1,  soon  yanUs  cord  ai;d  twine. 
60A^  yards  oil  cloth. 
8|  yarda  euaiutiled  cloUi. 
894|  square  yards  oottou  cloth. 
28, 4144  .Tarda  ootton  cloth. 
7. 534^  ponnda  cotton  waste. 
28Ha  yards  cotton  felt. 
110   \rards  hair  felt. 
372^  yaidaflsnnel. 
100  ^ards  canton  flannel. 
1,301  ponndsh'liT. 

50    pimiiria  hemp  packing, 
10   yanb  liuen  cloth. 
131  A^yarda  matting. 
37(4  pounds  marlin. 
IGA  yards  velvet. 
.'»0    poHTuls  oakum, 
7,  l>97    pouiid.s  rope. 
60  ftat  nipli, 
16.}  pounds  silk. 
1,812^  pounds  thread. 
50.^  yards  ticking. 
24  towels. 
46  ^aida  toweling. 
100    pounds  tow. 
11,551^  yjvrds  webbing. 

VM  vards  woolen  cloth. 
4, 026    pounds  wool. 
73  ponnda  yarn. 
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FOBAQS. 

19,286    poriiids  hnr]vy. 
29|54)4    pounds  bran. 

25|  barrels  floor. 

11§  bnsbels  grass  seed. 
13;  4.35    ponuds  ground-feed. 
67,307    ]>nnTifls  liny. 

71K)  bii8hel8  ineaL 
10, 246  basbeli)  oats. 

37   barrels  salt. 
63, 712   pounds  straw. 

monacoKOBBT. 

lOlA  i>oiiih1s  l>;il)ititt  iiu'tal. 
54^,         puuiid»  1  uud  cbanneL  beams. 
4  boilers. 
3G2    feet  boiler  tabes. 
1,830    pounds  bolts. 
9,  HiS,    holts  aud  staples. 
2, 7Xb^  puuuds  sheet  bra88. 
809  boekles. 
329  buttons. 

625^  pounds  rivets  nrid  burrs. 
4,681^  pounds  1  nans  castings. 
117, 226   pounds  iron  castings. 
11, 611 1  pounds  bar  copper. 
413, 439   pounds  sheet  oopper. 

3,302    pounds  cliain. 
28, 253   eyelets  and  hooks. 
412   gas  fixtures* 
270  giis  bnmers. 
336^  feet  gas  pipe. 

96|  pennyweights  gold. 
245   hasps  and  hooks. 
1,376   pairs  hinges. 

84  hose  fittings. 
44, 821  horse-shoes.  % 
3,689  pounds  horse'Sboe  nails. 
2  hydrants. 
317,  759^  pounds  wrought  iron. 
3, 997^  pounds  hoop  iioD. 
26, 564  pounds  sheet  iron. 
150^^  tons  pig-iron. 

7o4    knobs,  nssorted. 
7, 990^  pounds  lead. 
6,  033   pounds  lead  pipe. 
1  set  lightning  rods. 
110   feet  lightning  rods. 
774    locks,  :'SMorf4'(l. 
70,  706   ponndh  nuiis. 
22, 212   saddle  nails. 
3, 845  pounds  nnts  and  washers 
150  pulleys. 
1  pump. 
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10, 781   feet  iiou  pipe. 
3,  799   pipe  fittiniars. 
3,591    pounds  rivets. 
2,877    feet  metallic  rope. 

874  poiinds  woi frbts  and  poUeiys. 

199i^  ieet  shattiug. 

2A  pounds  Bilker. 

103  |K>ond8  gennan  silver. 

506|  ponnils  soldor. 

11  ik>uih1s  spelter. 

713, 941  pouuds  j»teeL 

74  springs. 

33C  Staples. 

:';>3  ])oiuuls  cq[>per  taoks. 

4,091),  000  Uieks. 

29, 804  pouiidi^  block  tin. 

66}  boies  sheet  tin. 

1,2C2  pounds  tin  folL 

300^  poimds  tubing. 

23  feet  tul»ing. 

208  window  tixtures. 

25, 8M  pounds  vire. 
3, 51 8|  square  feet  wire  clotb. 
211^  sqnare  feet  \Tiie  netting. 

2.  t74|  pctunds  zinc. 

3,  OUOt]  grosis  screwb. 

4,542|  pounds  sheet  Steel. 

207   feet  iron  railing. 
151    hni! 'J •M  '^  or  bearings. 
40    bte^il  plates. 

IiBATHBB. 

84,  423|  leei  collar  leather. 
2, 392^  feet  bellows  leather. 

07  feet  enameled  leather. 
60,537}  pounds  ]i:n  ncss  leather. 
184   pounds  bull  U  atlier. 
113§  iwunds  lace  leather. 
476^  pounds  sole  leather. 
36  pounds  walrus  leather. 
560  sides  harness  leather. 
923   sides  collar  leather. 
1, 776   sides  bridle  leather. 
28   side^  lace  leather. 
187   sides  bellows  leather. 
20   sides  ;ilinn-tannod  leather. 
20   sides  oa  k  tanued  leather. 
13, 914   feet  belting  leather. 
1, 900   feet  belt  lacing. 
158^  pounds  belt  Iwslng. 

10    leather  belts. 
435.;  feet  ral)ber  belting. 
15   sheep  skins. 
2,498^  pounds  brisUes. 
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LUMBEK. 

3,472  fieet  battena. 

1, 158, 964  feet  "boards. 

6, 374  feet  joists. 

49, 658  laths. 

757,579  feet  plank. 

115,860  fieet  Bcantling. 

118,005  sbinn-les. 

152,  76:i  i\'vi  t  i:nl»or. 

28,358  fot't  piiH'  strips. 

9,276  feet  iiioukliiig. 

BUILDINO  1CATBKIAX<* 

4314  poundH  asUostos. 
32   asbestos  riiig8. 
1,815,630  bricks. 

3, 006^  barn  ln  ( I'lneiit. 
106  barrels  cluy. 

46  doora,  wofxi. 
327^  feet  draiu-pipe. 
643  feet  drain-tiles. 
120}  oabic  yards  ^vel. 

9, 156  )>onnd8  kaoliii« 

2,851  baiiplslime. 

16  barrels  plaster  of  Paris. 

2, 829  cobic  yards  sand. 

127  pouuds  hair. 
3,  'i-  JlroV  cubic  yards  stone. 

6, 183  square  feet  stone. 

89  ciips,  steps,  and  sills. 

1, 3l3j|  yards  terra-ootta  pipe, 

10, 225  fSaet  weather  st  ri  ps. 

69  pairs  window  hliiids. 

47  window  frames. 
187  window  sash. 


1IATSBIAI.8  VOE  HXATINa,  UaBTINO,  STO. 

12   bath  tubs. 
1,230  brooDS. 
337  bmshes. 

211    pounds  candles. 
221  g  srpiare  fi'i*t  card  olotiliog. 
358   chamois  skins. 
8  ohandelieia. 
7, 271  barrels  ehareoal. 

2.  'HI        tons  anthmcite  coal. 
.3,  (K^i^  lii  il  ^^"^  bituminoos  coaL 

177, 993  pounds  coke. 

351  poQDds  oolaiidlun  floor. 
168  ooroiidiim  and  emery  wheels. 
10   carats  diamond  powder. 
62A  reams  croons  and  emery  oloth. 

3,  249^  pounds  eaiti]*y. 

24  grates. 
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5  lamps. 

300  lamp  fljLtures. 

76  lanterns. 

80  lantern  fixfuree* 

41^  gross  matches. 

10  boxes  minpral  wool. 

13  pUclier«,  jugti,  &G. 

12  tubs,  &e.,  for  Urandry. 

12  registen. 

58    ])(mith1s  rosin. 
COlM  ixMuids  roUcn  stone. 
G(*i  reams  saud  i)uper. 
8, 167f  pounds  soap. 
n,3f;  gallons  soft  soap. 
313i  pounds  sponge. 

23    Ktoves,  heatiu/j'.  S-a'. 
330   feet  steam  pipc  covering. 
376   ])apers  tripoli. 
6, 700  tire-brick. 

621^  cords  firp-wood. 
4  hot-air  luruaces. 

MAT£B1AL8  FOIL  0FF1C£  USB. 

150   gross  rubber  bands. 
202f  pounds  sealing- vaz. 
'  10,000  seals. 

37    nibbor  Rtainps. 
1    otlice  tabl»\ 
If  gross  thumb- tacks. 
333  yards  tracing  oloth. 

6  docks. 

3   water  coolers. 
260    sheets  bristol  boards. 

1  call  graph. 

288  pencil-point  protectors, 
ly  500  cards,  assorted. 

13  chairs. 

2  desks. 

9)  400  dials  for  watch  cluck. 

45  drawing  instmments. 

1  box  drawing  instroments. 
72,403  (Mivclopea. 

2  licktojiiaphs. 
3,         lead  pencils. 

11  ti^.  ^ross  pens. 

47"  drawing  pens. 

29    pounds  j)inM. 
150   piece^^  iudia  rubber. 
293   bottles  ink. 
425  pounds  printef'S  ink. 

3  letter  presses. 
50    bottles  niMcilage. 

363^  reams  paptu*. 
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LABORATOBY  STOBES. 

2  hydrometers. 
145  insulatoxs  and  bnokets* 

118  jars. 

2     leu  868. 

2  slate  Mild  marble  slabs. 
561   parts  ot  electric  batteries. 

700  feet  of  material  for  eleetrlo  batteries. 

3  baroiDi  tcrs  and  thermometen. 
33, 163^  pen  rids  acid,  various. 

760    «/;i1!(>iis  alfoboL 
57    pauiiils  alum. 
100  ponnds  ammofDiated  copper. 
106^  pints  aqna  ammonia. 
149,804   poniids  boTie.  " 
241    pounds  borax, 
7U    pounds  camphor. 
10  ponnds  carbonate  of  iron. 
5   ponnds  chloride  calcium. 
8   ounces  citrate  of  iron  and  ammonia. 
125    pounds  sulpha te  of  co}»per, 
5i>5    pounds  electroxiian  Huid. 
00  grains  chloride  of  gold. 
108  pounds  gam  arabio. 
10   pounds  gum  tragacanth* 
6»  950   pminds  dynamite. 

1  gaivano  meter. 

3  electric  batteries. 
142^  gallons  isinglass. 

gallons  molasses. 
117^  reams  paper. 
Sd,        poun<ls  paper. 
20  pounds  pepper. 
5  barrels  pitch. 
79, 250  ponnds  straw  boards. 
2,  497    pounds  tallow. 
1, 072   pounds  sulphur. 
105^  pounds  beeswax. 
160  ponnds  chalk. 
203^  pounds  glue. 
22~ii  pounds  jrlveerine. 
241   cans  and  boxes  concentrated  lye. 
131^  pounds  mercury  and  its  salts. 
52  ponnds  spirits  of  nitro. 
4^  619^  pounds  potash,  various. 
61^  pounds  s-d  a?ninoniao. 
11, 231    pounds  sal  soda. 
2f  938  pounds  silicate  of  soda. 

2  retorts. 

pinras,  OILS,  VTO. 

215|;  fjallons  benzine. 
1,  111    gallons  coal  tar. 

81 4  gallons  drier. 
1, 044  pounds  kalsomlneh 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


1(M>^  gallons  lacker. 

3d7|  tr»llon8  oil,  dressing. 
5,  474|  gallons  oil,  illuminating. 
4,  74t)|  gallons  oil,  lubricating. 
4, 600|  gallons  oil,  mixing  paint. 
8,  631 J  ))0und8  paint,  dry. 
9, 1K)3J  ]i<)inHls  paint,  iu  oil. 

100    gallons  paint,  in  oil. 
3, 473  gallons  petroleum. 

220  pounds  InbrioatiDg  oomponnd. 

339   pounds  putty. 

483 Impounds  slu'llac. 
2,  438J  gallons  turpentine. 

274|  gallons  varnisli. 

€32  pounds  zinc  paint. 

73H  pounds  lamjiblack. 
40, 599|  pounds  wbito  lead. 

110    pounds  litbav'^t'. 

412   pounds  wbitm^. 
1, 005  poands  axle  grease. 
4y  106^  gallons  gasobne. 

571    gallons  napbtba. 
23A  ijnllons  castor  oil. 
49   gailous  paralfine. 
20  pounds  panifflne. 

HDSOBIiLAinfiOUB. 

303  bags. 

225  barrels. 

12  baskets. 

1  buat. 

2, 3S3  boxes  paeUng 

121  kegs. 

1,954  tin  cnnR. 

1  set  post  bamess,  single. 

1  set  post  haruess,  doable. 
7  horses. 

2, 576  feet  hose. 

3,165^  pounds  Japan  wax. 

25  pairs  magazine  slippers. 

671  f  pounds  packing,  vanons. 

2  pairs  mbber  legging. 

3  mbber  aprons. 
12  rubbor  ronts. 

17  pairs  rubber  boots. 

14  pain  robber  gloves. 

1, 209^  poands  sheet  rubber, 

277  feet  rubber  tubing. 

4  fout6  rub)>er  type. 
1  set  rubber  type. 

1  sleigli. 

2  wagons. 

289  parts  of  wagons. 

2  enjzineer's  transit. 

2  water  tanks. 
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ifiS  powder  canisters,  2  i>ouud. 

268  powder  eanlaten,  5-poiiocL 

2  wagon  robes. 

1  watehman'B  time  detector. 

27  buckets. 

800  tin  boxes. 

3, 370  pounds  phosphate. 

1  truck. 

1  eprinkUng  cart 

JiAOHUfBS. 

5  platform  and  hay  scales. 

1  shoostat. 

1  pipe-cutUug  and  threading  macliiue. 
4  sorew-catting  machines. 

21  drilling  machines. 

2  wood  pliiniiip:  uiacliinos. 
1  metal  planiiig  machine. 

1  vertical  boring  machine. 

2  magneto  machines. 

1  electroplating  macdiine. 

19  millinj;  macliiru's. 

1  cuttiiig  utl'  itiachiiie. 

1  patent  band  re-sawing  machine. 

1  slotting  machine. 

1  mowin*,^  machine. 

2  morticing  uiacbinoB. 

3  drill-grindiug  machines. 
«  3  profiliiig  machines. 

1  lead-lapping  machine. 

1  foot  lathe. 

1  Iiand  lathe. 

1  steam  enmne,  Corliss,  for  Beuicia  Arsenal. 

2  steam  indusalors. 

1  «  Detroit' Inbrioator. 

1  steam  hammer  and  anYll|  ofHnplete^  1,200  ponnds. 

1  galvanometer. 

2  elevators. 
1  blower. 

3  lawn  sprinklers. 

1  plant  for  mnnofiMtore  of  gas  at  national  armoiy. 

1  gas  gentTutor. 

6  lawn  mowers. 

1  40-ton  railroad  track  scale. 

2  Ibrce  pumps. 

4  enpine  latlies. 
2  steam  pumps. 
4  steel  boilers. 

414  ponnds  brass  tabes  Ibr  steam  llze-engine. 

TOOLS,  BTO. 

If  322  brushes  and  sash  tools. 

2,560  files. 

110,002  pounds  grindstones. 
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1^  444  tool  liandlej)f  various. 

100  ladles,  7-mcIi. 

100  ladlos,  2|*inelk 

40  ficftires  and  letters, 

155  oil  cups  and  oilers. 

3S5  saws. 

25  saw  blades. 

40  scythes. 

14  scythe  snaths, 

(fl  Rcvtbe  stoues* 

2oi  shovels. 

6  tracks* 

6  vises. 

68  barrows. 

139  wreuches. 

40  picks. 

1  corn  sheller. 
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Statement  of  ordnance^  ordnance  storen^  cOc,  issued  to  the  militatif  eatab- 
linhmenty  exclusive  of  the  mt/ilto,  during  the  fiscal  year  ended  June  30^ 
IBM.' 

Class  1. 

6  Gatling  gnus,  lO-bansb,  Uinff,  ealiber  .46^ 

2    Hotc'likiss  revohnnp:  gnns,  faTilxT  1.6. 
5    llotclikiss  inoiiiitaiu  gODS,  caiiL>er  1.65. 
22    3  inch  rided  guu8. 

«  d.2-itich  bineofei-loading,  cbambeiedf  lifled  guna, 

8   light  12-pounder  bronze  gUDB, 
8   30  pouTider  Parrott  guns. 
1    lO-iuch  Rodman  gun. 

1  lO  incb  Kodman  gun. 

2  10-ineh  siege  nuntars. 

OhAm  XL 

5  Gatling  gnu  carriages  and  limbers. 

3  1.54ncb  Hotchkiss  revolving  gun  oarriages  aad  limben. 

4  l.G5-incb  notcbkiss  mountain  gun  caniages* 
30  3-ineh  ^rnn  cnrrinfrc^s  and  limbers. 

2  3.2  iiich  gun  metal  carriages  and  liiiibcr«. 

3  3^-iDcb  gan  metal  carriages  without  Umbers.- 
15  1 2  poiiDder  gan  carriages  and  I i n iben. 

8  30-|>ounder  gun  carriages  and  limbers. 

9  3  ii)cli  gun  cai^i^onB  and  limbers. 
2  Gatling  gun  limbers. 

8  Laidley  eavalry  forges. 

4  ammn  n  i  tio  1 1  ^v  a  ^ons  for  Hotohkiss  gan. 

1  tripod  for  (la Ming  gun. 

2  24-|M(iiinl»'r  iiiortnr  beds. 
2  10-iiicU  luurlur  beds. 

1  BKxrtar  wagon. 

Class  IIL 

72  harness  bags, 

1  carrying  bar. 

2  elevating  bars. 

6  baskets  for  mortar  implements. 
2  biifkcts  ior  Hotcliklss  gun. 

39  iron  nponge  buckeUs. 

6  wooden  sponge  bnekets. 

20  iron  tar  buckets. 

70  frnttn-pcu'ha  water  bufkcts, 

11  papier-iUiicU^  water  buckets. 

(45) 

Uiyitized  by  Google 


BEPOKT  OF  THE  CHIEF  OF  OfiDMANCE. 


2  drag  ropes. 

4  ftiae  blocks. 

28  fuse  cotters. 

4  fuse  gimlet*. 

1  fuse  goupe. 
16  fuse  iiialleta. 

26  fase  plug  wrenches. 

10  fnse  saws. 

2  fuse  setters,  brass. 
43  gunners'  gimlets. 

72  gunners'  haversacks. 

9  gannen^  levels. 

29  gonnen^  pincers. 

8  gunners'  quadrants. 

45  pairs  gauners'  sleeves. 

3  breech  sights,  3-inch  gun. 

8  breech  sights,  30  poander  gun. 

5  breech  sights,  moantain  howltter. 
7  breech  sights,  15-inch  gon. 

7  muzzle  sights,  3-inch  gun. 
2  muzzle  sijjhts,  4.o-inch  gun. 

8  trunniou  sights,  30-poauder  gun. 

6  handspikes,  Gkitling  gon. 
69  handspikes,  maneuveriog. 
12  hanils{)ikes,  shod. 

80  handspikes,  trail. 

2  handspikes,  wood. 

96  sets  httniess,  2-lead  horses. 

63  sets  harness,  2-wheel  horses. 

2  sets  harness,  1 -horse,  Hotchkiss  mountain  gmi 

7  sets  harness,  Laidley  cavalry  forge. 
2  sets  men's  harness. 

1  ladle  and  stalL 

5  common  lanterns. 
21  globe  lanterns. 

6  magazine  lanterns. 

113  lanyards.  * 

2  manls. 

10  paulins,  5  by  5  feet 

2  paulins,  6  by  10  feet. 
6  paulins,  8  by  10  feet. 

109  paulins,  12  by  15  feet. 

26  pendnlnm  hanssesy  3-inoh  gnn. 

24  pendulum  hausse  ponehes. 
G  pendulum  honsse  seats. 

12  plummets. 

3  powder-funnels. 
U  powder-measures. 
79  priming  wires,  field. 

25  itrimiug- wires,  siege. 
31  prolonges. 

20  rammers  and  staves. 

13  gnu  serapers. 
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3  mortar  scrapers. 
60  seouriDg-stakefi. 

15  sliell-hookB. 

16  shot-QftniAn. 

4  spatnlas. 

168  sponge  covers. 

196  Bpouges  aud  rammers. 

42  sponges  and  ttaves* 

1  sponge,  wire-rope. 

113  thumbstaUa* 

1;W  torn  pious. 

21  tow  books. 

65  tabe  pooebet. 

63  vent  coven,  field  gQD. 

32  vent  covers,  siege  gnu. 

23  vent  pieces. 

21  vent  punches. 

1  water  tob  for  15-indi  gnn. 

26  wipers,  mortar. 

27  worms  and  staves,  field  gim* 

1  worm  and  staff,  siege  gnu* 

niPLBlIBNTB  FOB  OATUKG  OUIT. 

3  covers  for  grni,  caliber  l  i nob. 

9  covers  for  gun,  caliber  .45, 

6  clamps  for  worm  gear. 

6  drifts. 
152  feed  cases. 

7  headless  shell  extractors. 
3  oscillators. 

6  lock  screw-drivers. 

6  smftU  serew-driTeis. 

6  T  srrew-d  rivers. 

6  shell  drivers. 

6  wiping  rods. 

9  adjusting  sorew<^wreDcbes. 

6  pin  wrenches. 

6  learwguide  nntwrenehea. 

2  sets  acceiisories  Hotchkiss  revolving  gun. 

7  eoveis  Hotobklss  revolving  gon. 

3  eovezs  Hotcbkiss  monntain  gan. 

GLAfiSSS  lY  ABB  y. 

80  3  ineb  sbot. 

350  3(KpouTider  sboti 

200  8-iuch  shot. 

60  15'incb  shot. 

10, 000  1 Jl-f  nob  dammy  projeetiles  ibr  blank  cartridges. 

3,550  1.5  inch  shell  and  cartridge  ease. 

2, 350  1.65  incli  shell  and  cartridge  case. 

1, 248  3-incb  shell. 

48  4.5-inch  shell. 

81  12-ponnder  shell. 
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104  24-poander  mortar  ahelL 

130  aO-pminder  shell. 

180  lOO'pouTulcr  shelL 

100  8-inch  nhell. 

460  10-iuchsbeIL 

450  IS-lDoli  shelL 

391  3-iDch  case-shot. 

20  I2-pounder  case-shot. 

50  30-poiindor  case-shot* 

294  3-iuch  canister. 

31  12-poiuider  oaniater. 

Class  VI. 

3, 453  Springfield  carbines. 

4,775  Springfield  rifles. 

40  Springfield  cadet  rifles. 

30  Springfield  long-range  rifles. 

17  Springfield  shot<nins. 

766  Colts'  revolvers. 

24  SchofieUrs  Smith  and  Wesson  revolvers. 

3  artillery  sabers. 

833  cavalry  sabers. 

30  itinsi('i;iTis'  swords. 

44  nun -co 111  missioned  ofiiceFs'  swords. 

450  bunting  knives* 

81  riflemen's  knives. 

Class  YIL 

abtilleby  accoutebments. 

40  kii:i]»s;u'1<s. 
7    Kiber  belts. 
7   saber- belt  plates. 

OATALBY  A000UTBBMKNT8. 

canteens  and  straps, 
canteen  straps, 
carbine  cartridge  pooches, 
carbine  slings. 

<•;»  rhi  1 1  e  si  i  n  «i  s \vi  vtds. 
pistol  cartnd{j;c  i)ouches. 
])istol  holsters, 
saber  belts. 

suber-belt  ]>late8. 
saUer-helr  attacliint'iits. 
saber-belt  atrachuieut  slings, 
saber  knots. 

IIXFASTRY  AOCOUTEBKENTS. 

1,  GvS5    bayonet  scabbards. 

3, 682   blanket  bags. 

5, 731  blanket-bag  shoolder-straps. 


520 
1,000 
65 
2,104 
045 
578 
2,563 
1,805 
1,  071 
510 
10(» 
1,805 
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7, 585  blankets  and  coat  straps. 

60  canteens  and  straps* 

7, 559  canteens. 

6, 669  canteen  straps. 

649  canteen  covers. 

lOt)  canteen  rorks  and  chains. 

243  carrying  braces,  pattern  ib74. 

4,  398  cartridge  belts. 

5, 184  cartridge-belt  plates. 

4,  556  cartridge  boxes* 

6,070  cloth  in^H.i:-. 

5, 729  clotiiing  bag  straps. 

6, 003  gnn  slings. 

5, 229  haversaoks. 

1, 911  baversaoks'and  straps. 

4f  756  haversack  straps. 

445  buutiiig-knil'e  scabbards. 

6, 559  knives. 

6,138  forks. 

6, 049  spoons. 

6,  790  meat  cans. 

1,  545  revolver  belts. 

75  sliding  frogs. 

6y  ff71  tin  enps. 

2S  valise  straps. 

4,  001  waist  belts. 

3|873  wais^belt  plates. 

201  waist  belts  and  plates,  non-commissioned  oHicers'  and  musi- 
cians'. 

APPENDAGES. 

466  brushes  and  thongs. 

7, 196  headless  shell  extractors. 

6  field  cases  for  sliotguu  supplies. 

4  powder  chargers. 

6  shotgun  ontflits. 

1  ritle  cleaner. 

7, 290  Korew  drivers 

1  clanii>-scrtivv  driver,  rear  sight. 

17  screw  drivers,  shotgun. 

513  screw-drivers,  remver.  * 

28r»  spring  vises. 

1, 146  tumbler  punches. 

38  wipers,  rod  bayonet, 

18  wiping  rods,  sectional  shotgun. 

8^  867  wiping  rods,  wood.  ' 

HOBSB  BQUIPiaBnTB. 

3, 380  cavalry  curb  bridles. 

566  watering  bridles. 

%  000  bridle  oroaments. 

142  carbine-sockets. 

53:>  carbine  sockets  ntid  straps. 

1, 072  ciuchas  or  hair  girths. 

6X91  OBD  i 
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260  ciucha  8trai)S. 

1, 320  coat  straps. 

62  ornppero. 

386  cmb  bits. 

50  curb  chains. 

74  curb  strajis. 

3, 298  curry  combs. 

3d  forage-sackB. 

12  girths. 

2,  410  halters  and  straps. 

128  halter  diains. 

1,  240  halter  heiidstalls. 
3f  349  halter  8tra{)8. 

5,  00(»  horse  brushes. 

1, 193  horse  covers. 

2, 017  lariats. 

950  double  spring  hooks. 

923  links. 

2,  990  nose  bafjfs. 
2, 309  invket  pins. 
1, 077  saddles. 

78  saddle  bags,  cauras. 

19  saddle  bags,  leather,  Oal.  pattern. 

527  saddle  bag^s,  leather. 

rit}  sndillo  bl;nik«'tS,  blue. 

4,  Jl>U  saildle  blaakelH,  gi'ay. 

42  saddle  blaukets,  red. 

35  saddle  dotfas,  felt 

80  saddle  clothS)  hair. 

903  side  lines. 

84  side  line  fasterierH. 

42  spurs  aud  straps,  Mills'. 

2, 837  spars, 

i,  054  spur-straps* 

741  stirrups. 

18  stirrui)s  with  guidou  sockets. 

798  stirrup  straps. 

847  sarcingles. 

12  sweat  leathers. 


OULSS  VllL 


sicALL-ABH  Aummmoif. 

974,  UOO  carbine  ball  cartridges. 

406, 826  revolver  ball  cartridges. 

173, 400  revolver  blank  cartridges. 

3, 718, 750  rifle  ball  cartridges. 

407,  0(yo  rilif'  bhulk  cartridges. 

1,911,  05()  romid  balls. 

728,  000  carbine  bullets. 

107, 000  revolver  bullets. 

4, 604,  loO  rifle  ballets. 

500  percussion  caps. 

6,833,000  cartridjrc  primers. 

4, 010  rifle  cartridge  sliells. 
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15,145  phnti^i'!!  f::j-t riilr;*',  slrells. 

15,300  puuiHi.s  I^u.  ft  isiiot. 

2f  419, 500  carbine  cartridi^  wada. 

613, 150  ahotgan  cartridge  wada. 

AMMUNITION  FOR  OANKON. 

5,  080  bl ;  I !  I  k  carti  id  jje  s ,  1  pound  charf^e. 

1,230  1>I:uik  cartrklges,  J  |>onnfl  rltar^ro, 

4, OOH  hlii'i]:  rnrtru1jt»vj,  0-pouoder  ^uu. 

20,042  blank  cai  Lii(li408,  3.iuch  fjun. 

23,567  blank  cartridges,  light  Im  pounder  gun. 

500  blank  cartridges,  heavy  12-poaDder  gun. 

3,100  bliiiJc  rnrtridgOR,  moontain  hawitacr. 

598  a»v^*»i  tctl  paper  fuses. 

Ill  assorted  wood  fuses. 

30, 000  pounda  cannon  powder. 

12,  noo  pounds  hexagonal  powder. 

210  prmtids  nioal  jimvdtT. 

15,  400  jiounds  mortar  pow<ler. 

52,  l»ii7  pounds  rifle  powder. 

10,000  Hotchkias' cartridge-caae  primers. 

4, 000  electric  primers. 

127, r»02  friction  prirnerH. 

10,000  Hotcliki^s'  cartridge  caso  wads. 

300  brass  fuse- pings. 

djoM  IX. 

2  aiming  stnnds. 
4  aiming  sighUj. 

200  portable  arm  racks. 

41  assorted  blocks. 

6,261  marksTmia's  battens. 

T  capstan. 

10  capstan  bars. 

4  capstan  hand  ropes. 

1  sling  cart. 

3  slin^r  {;liaiiis. 
126  assorted  chocks. 

14  disks. 

231  signal  flags. 

188  streamers. 

2  giTi  blocks. 

1  {^.ti  i  ison  f^in. 

00  halyards  with  screw  eyeMs. 

1  Onshing's  portable  harness-raok. 

4  hydraulic  jacks. 

1  intrf*nching  tool* 
plane  tables, 
guu  platforms. 

6  minrtar  platftmns. 

2  differential  pall^ya. 
21  assorted  rollers. 

7  sliifting'-planka. 
Liti  biiuL  marks. 

6  skids. 


o 
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1  cauDon  slings. 

1  brass  stadia. 

1  stadia  l)ag. 

3  I>aidley  target-axes* 

3  Briu  ton  targets. 

17  (juahiug  tatgets. 

908  Laidlejoi  revoMng  taigete* 

83,541  paper  targets. 

7^944  target  cpnters. 

6  Laidley's  target-clam^" s. 

310  Laidley'»  target  cross-pieces. 
123  Laidley's  target  fhunes. 

1, 251  target  frames. 

20  target  handles. 

10,145,0()O  target  pasters. 

100  target  plates. 
6  target  tracks. 

10  Coddng's  target  track  frames. 

311  target  uprights. 
9  trace  ropes. 

1  sling  cart  wheels. 

16  track  wheels. 

BBLOADINa  TOOU^  BTO. 

79  sets  reloading  tools. 

147  oombinatioii  anvils. 

61  ball  molds  (4  balls). 

101  bmsh  wipers. 

20  brush  wipers  lor  shotgun  cartridges. 

12  powder  canisters. 

48  crimping-die  oaps. 

10  bench  nbarges,  reloading  tool. 
9  adjustabh'  ]>f>w(b»r  rbargers. 

110  adjustable  powder  and  shot  chargers. 

6  criiupiug  dies. 

160  crimping  and  reloading  dies. 

6  reloaidifig  dies. 

167  resizing  dies. 

170  drifts. 

26  drifts  for  shotgun  shells. 

17  primer  extractors* 

647  extractor  pins. 

2  extraetor  screws. 
67  funuels. 

6  funnels,  No.  20. 

1  key  and  washer  for  powder  charger. 

52  melting  ladles. 

53  i)ouring  ladles. 
149  mallets. 

66  oil  cups. 

8  priming  tools,  Bridgeport. 

71  priming  tools,  Frax&ford. 

205  priming  tool  pins. 

11  priming- tool  .spindles. 
•  1  primer  punch. 
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172  reloading  pimebea. 

106  resizing  puucUes. 

I  reBiBing-die  aooket 

0  safety  soekete. 
71  ahell  scrapers. 

1  primer  setter* 

22  strainers. 
104  washers. 

45  wiping  rods. 

OhABB  X. 

PiJtXS  OP  GLASS  X. 

6  Gatling-ernu  firing  pins. 

702  gas  ohecks. 

PABXS  OP  GLASS  XL 

4  ammunition  chests. 
1  axle  body. 

1  twister. 

36  bolts  and  nutfl* 

10  key  bolte. 

6  rear  hurter  bolts^  chassis. 

5  elevftting  Borowe. 

8  carrying  hooks,  ohasds. 

32  kpys  aTid  chains. 

6  stay 'pin  keys. 
12  linchpins. 

82  stay  pins. 

2  handspike  pawls. 

7  iron  sponge  and  rammer  props. 

42  pole.^. 

2  polu-yokes. 

1  ndl. 

3  oavaliy  forge  shafts. 

10  Hotchkiss  mountain  gon  shafts. 

4  single-trees. 

2  spl&iter  bars. 

5  fittisson  stoeks. 

36  wheels. 

1  wheel,  Archibald  pattern. 

1  wheel  for  Gatling  gun,  Colt's  pattern. 

23  wheels  for  field  and  siege  carriages. 
10  whe^  shoes. 

PABT8  OF  OLASS  HE* 

II  artillery  cnrb-bits. 

2  breast-collars. 
2  breechings. 

2  breech  straps. 

26  artillery  bridles. 

740  braas-plated  buckles, 

ly  568  iron  roller  bnckles. 
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14  collai*s. 

30  carb  chains. 

12  croppers, 

00  artillery  li niters  and  straps. 

40  brass  loops. 

14  nose  hd'^s, 

26  pole  pacls. 
30  pole  Btrnps. 

54  raninior  Innids. 

107  ros(*ttes  tor  artillery  bridles., 

2  pack  saddles. 

12  seat  a  for  drivers'  saddles. 

2  brusb  spouprcK. 

461  ^voolen  f-iiirn'.i'r-q. 

42  ])i(H'('s  woolen  spouges. 

27  sponge  hea<ls. 

4  artillery  stirraps. 

4  lead  t raises 

16  ])ateiir  spliiiter-bar  traces. 

2  wheel  traces. 

40  Talise  straps. 

94  whips. 

PABT8  OP  GLASS  IT. 

236  co])pcr  bands  for  sheU. 

72G  sabots. 

75  sabot  coppers. 

'  250  saboMeathers. 

100  tin  stnuM. 

PABTS  OF  CLASS  YI.— PABTS  OF  SPBl^GFLELD  CABBlI^nS. 

6  barrels. 

G4  bauds. 

42  bntt  plates. 

34  butt-plato  screws. 
215  front-sights. 

95  front-sight  covers. 
25  front  si<xht  pins. 

2,738  jointed  raiorods. 

260  rear  sights. 

27  rear-sight  bases. 

35  rear-sight  leaTes* 
660  stocks,  wood  ]i:irt. 

•  6  swivel  bar  rings. 

PABm  OF  BPBnrOKBLI)  BIFLB. 

2  lower  bands. 

2  npper  bands, 
band  springs. 

3  barrels. 
403  bayonets. 

62  bayonet  clasps. 

140  bayouet^asp  screws. 
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10  breech  blocks. 

187  breech-block  eape. 

7ns  breech-block  cap  screws. 

M)  breech  scrOWS. 

O'Jl  bridh's. 

708  bridle  sscrews. 

62  butt  plates. 

22J  bntt- pi  ate  screws. 

143  cam  latelioR. 

1,017  caiu-latcli  s[)riiig8, 

2, 226  ejector  springs. 

2,dO0  ejector-spring  Spindles. 

115  ejector  stads. 

2, 210  extractors. 

3, 650  firiug  pins. 

801  liriDgpin  screws. 

349  front  sifrhts. 

424  front  si  j;ht  pins. 

60  guard  bows. 

219  giiartlbow  nuts. 

25  guard-bow  swiTelfl. 

172  guard  bow  swivel  screws. 

1  guard  plate. 

625  i^uard  screws. 

56  hauuiiers. 

140  hinge  pins. 

45  hiiige«pin  studs. 

125  locks. 

45  lock  plates. 

433  Hiuiu  springs. 

09  main-Bpring  springs.  • 

45  main  spring  swivel  rivets. 

823  pistol  ^ rips,  metal. 

315  pistol  j;rii)s,  wood. 

42  pistol-erip  screws. 

113  ramrods. 

103  ramrod  stops. 

632  rear  sights. 

164  rear-sight  base  screws. 

36  rear-sight  base  springs. 

307  rearwdgfat  leaves. 

3, 694  rear-sigbt  plates,  badduvm. 

30  roar-sight  joint  pins. 

281  rear-sight  slide  blocks. 

602  rear-sight  slide  gibs. 

264  rew-sight  slide  plates. 

fflO  rear-sight  slide  screws. 

65  rear-sight  slide  springs. 

35  rod-bayonet  spring. 

767  sears. 

1,121  sear  screws.  * 

629  sear  springs. 

863  sear- spring  screws* 

706  side  screws. 

82  side-screw  washers. 

1  ttodi}  complete. 
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429  stoolcB,  wood  part 

334  tanp:  serows. 

37  thumb  pieces. 

2  stock  tips. 

14  tip  sorews. 

1, 300  triggers. 

72  trigger  screws. 

96(5  tumblers. 

183  tumblers,  swivelled. 

985  tambler  screws. 

PABTS  OF  HOT0HXI8S  BIFLB. 

25  barrels,  navy. 
6  batt  plates. 

5  cartridge  followen. 
10  cartridge  stops. 

2  cartridge-stop  pins. 

20  cocking  pieces. 

4  0Dt<OfflEs. 

4  cut  off  escutcheons. 

12  cu  t  off  escutcheon  aoiewB. 

50  extractors. 

PABTS  OF  HOTOmm»  OABBDTB. 

100  stocks,  wood  part. 

PARTS  OF  OOLT'S  BSYOLTEB. 

126  back  straps. 

293  back-strap  screws. 

33  bolts. 

86  bolt  screws. 
238  center  i)ins. 

103  center -pin  bushings. 

68  ccutcr  piu  catch  screws. 

246  center-pin  screw*. 

6  cylinders. 
158  ejector  heads. 

80  ejector  rods. 

233  dector  springs. 

24  (Sector  tabes. 

101  ejector- tube  aeiews. . 
74  firing  pins. 

74  firing-pin  rivets. 

10  front  sights. 

5  gates. 

26  gate  catches. 

87  gate-ciitch  screws.  ,  • 
175  gate  sprinus. 

•  119  guard  screws,  long. 

88  guard  screws,  abort 
123  hammers. 

55  hammer  earns. 

100  hammer  rolls. 


B£FOBT  OF  THE  CHIEF  OF  ORDNANCE, 


55  hauimcr-rull  rivets.  * 

92  hftmmer  sorewB* 

134  hands. 

226  hand  sprinpfs. 

97  main  spriii^^H. 

110  mam  8priug  screws. 

107  sear  springs. 

45  aear-apring  aorews. 

18  8f*ar  and  stop-bolt  screws. 

206  sear  and  strop-bolt  springs. 

76  sear  and  stop* bolt  spring  screws. 

143  triggen. 

87  trigger  soiewa. 

PASI8  OF  SCOFIBLiyS  SMITH  USD  WBBSOll  SBYOLTBB. 

3  base  pins. 
IB  extractors. 

10  extractor  springs. 

10  extrjictor  stems. 

10  guard  screws. 

10  liammerB. 

4  hands. 

2  hand  pins. 

6  hand  Mpi  iugs. 

4  joint  pivots. 

8  joint-piTotaerewB. 

2  lifters. 

in  !n;iiii  siiririgs. 

3  luain-spriiig  swiTels.' 

4  pawls* 

6  pawl  pins. 

10  pawl  springs. 

3  stops. 

3  stop-i)ins. 

3  stop  springs. 

12  strain  smws. 

6  triggers. 

6  trigger  pins. 
10  trigger  spriDgs. 

VABT8  OF  BBBBOH-LOADHia  SHOTQUlf. 

54  extractors. 

50  stocks,  wood  part. 

PABTS  OF  BWOBDB. 

1  nmsician^s  steel  scabbard. 

7  officers'  nickel-plated  scabbards. 

PARTS  OF  GLASS  TO. 


5,502    brass-bar  Imckles. 
2, 902    brass- wire  buckles. 
1, 340    iron-bar  backles. 


KEPOBT  OF  THE  CHIEF  OF  ORDNANCE 


1, 943  iron  roller  bucfelea. 

144  groHB  l)rnH.^  escateheon-pins. 

204  hrtlter  bolts. 

900  lialter  nuiXi^, 

45  kiilter  rin^^s,  iswiveUed. 

904  baiter  squares. 

6  book  strai)s. 

40  Icatlier  lacing-thongs. 

1,0  jO  ovals. 

2, 441  brass  riiij^'^.. 

444  iron  D  r\ufi;s, 

1,464  iron  rin.[rs. 

90  saber  belt  sf  ii<ls, 

30  .sajbUe-bag  studs. 

24i  shields. 

794  brass  snap-hooks. 

24  link  snaps. 

202  side-line  ^iiaps, 

30  carbine  Hliufn  swivel  springs. 

2, 098  bnuis  foot  staples.  . 

4, 252  brass  staples  for  rings. 

74  yards  webbing,  3.5-inclies  wide. 

660  yanls  linen  webbinjf,  4  inches  widet 

84  yards  webbing,  4.5  iucbeR  wide. 

48  yards  webbiug,  7.5  inches  wide. 

FABT8  OF  CLASS  Till. 

7,300  cartridge  bags,  ^  }»ound  charge. 

500  cartridge  bags,  1-puuud  charge. 

3, 009  cartridge  bags,  2-pound  charge. 

3, 800  cartridge  bags,  0-pounder  gnn. 

6,000  cartridge  bags,  JL'-itoniider  gun. 

4,000  eart ridge  bags,  moiintniT]  linwitsMT.  . 

600  cartridge  bags,  SO-pouuder  guu. 

9, 700  cartridge  bags,  3-inch  gun. 

1, 150  cartridge  bags,  4J  inch  gnn. 

2,025  cartridge  bags,  S  iTicli  coliimbiad  gnu. 

1, 700  (cartridge  bags,  8-iuch  rilied  gun. 

If  600  cartridge  bags,  10- inch  guu. 

500  cartridge  bags,  IS-inoh  gun. 

PIBT  SBOOIO):  CIiOTB,  BOPB,  THBXAO,  KTO. 

201  yards  burlaps. 

120  yards  canvas. 

2  yards  carpeting. 
10, 608 yards  cotton  cloth. 

16^  yards  lanyard  cord. 

28  pounds  rocket  cord. 

9  pieces  sash  cord. 

163^  pounds  sash  cord. 

196  ponnds  waste  cotton* 

12  yards  Idauuel. 

40  pounds  curled  hair. 

136f  ponnds  marline. 


&EFO&X  OF  THE  CHI£lf  OF  OHDXANCE. 


2f  4AA   pounds  rope,  hemp  aud  manila. 
10  fathoms  bolt  rope. 
20   fiitlioms  ratling  sizing. 
10    fathoTTi"^  rntliifjr  stuff. 
200;^  pouiidy  liueii  tliread. 
12   spools  liueu  tUrcatl. 
lu  !,  potrndH  BAddlera*  thread. 
784~  poimdB  shoe  thread. 

40    pounds;  to\v. 
244 j  I'Muiids  iwiue. 
52   pounds  yaru. 


6  pounds  sheet  brass. 

20  X)air8  iron  butt  hiiigcs. 

13^  838  horse  shoes. 

1,  369  pounds  iiorse-shoe  nails. 

1,  710  ponnds  I  tar  iron. 

1^  ():>!»  i'  poiirHls  lioop  iron. 

15y  x>ouij(ls  sheet  irou. 

2  piece  s  a  i  i ich  plate  Iron. 

50  kevs. 

2  iron  latilrs. 

65  lead  slaljs,  tarf^efc. 

45  pouuds  copper  nails. 

4y  675  potinds  iron  naila. 

240  Japanned  nails. 

2 in  >*addle  nails. 

33t>  padlorks, 

8  cast-iron  posts. 

pounds  brass  rivets  and  bnns. 

826  pounds  copper  riyets  and  bans. 

1021  pounds  iron  rivets  and  bona. 

1  f^ross  serew  eyes. 

180^  gross  brass  screws* 

232  gross  iron  screws. 

1  gross  shields. 

145  pounds  solder. 

400  pounds  spikeR. 

947  pounds  bar  steel. 

6,000  eoppertaoks. 

30  papers  copper  tsieks. 

^<>7\  ])onnds  copper  taoks. 

d07, 50if  iron  tacks. 

987  papers  iron  tacks. 

200  sheets  tin. 

500  feet  wire  gauze. 

5W  feet  IvPrifc  wiro. 

50  pounds  iiou  wire. 

253  pounds  sheet  zino. 


ntONMONGEBY. 


I. 


165 
10 


sides  bridle  leather, 
sides  collar  leather. 
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4  sides  euamelled  leather. 
25, 240  x^onds  harness  leather. 

8  sides  laciug  leather. 
2^  poands  calfskin. 
25  RhpepskinR. 
267   quarts  leather  blacking 

6  pounds  Ingredients  leather  blaeklog. 
344^  pounds  black  wax. 

13  oonoes  bristles. 

LmiBBB. 

7,800    fvvt  Twards. 

200    fV.  t  plank. 
2,920    leet  ^entitling. 

833   feet  timber. 
12  pieces  timber. 

OLSANINOy  HBATHrOi  SIO. 

38  bath  bricks. 

346  com  brooms. 

^  pint  browning  niixtore. 

16  rf»iTTiter  (Insti'ng-bnishes. 

5  leaiJicr  dugtiiij;- brushes. 

5  wirtj-scratch  brushes. 

7  button  broshes. 

6  bntton  sticks. 
74  pounds  candles. 
60  chamois  skins. 

42  boxes  (-Icamug  mau^riaL 

1  cleaniug  plate. 

9, 140  pounds  ooaL 

67'^  (luircs  crocJK  floth. 
11  emery  elnth. 

932  quiius  emery  cloth. 

233^  quires  emer^  paper. 

10  pounds  emery. 

10  pounds  lampwioking. 

1  {jross  matches. 

38  pounds  polishing  materials. 

66  ponnds  sconring  materials. 

522  pounds  rottenstone. 

176  quires  8ari(li)aper. 

175  pounds  bar  soap. 

3,344^  pounds  casUlo  soap. 

165  pounds  sponge. 

871  papers  mpoli. 

5  InowniTipf  wheels. 

18  bufling  wheels. 

XATXBIALfl  FOB  omo  USE. 

2  cans  blacking,  stencil  ontfit. 

1   can  with  lamp  and  cap  for  sealiug-wax. 
190   instruction  books. 

8  camelshair  brushes. 
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22  fit«h  bruc»lies. 

50  steucU  brushes. 

3  bottles  hektogiftph  ink. 
4)  ponnds  drawing  paper. 

20  pom  ids  log  paper. 

98  poutidii^  petroleum  paper. 

1, 750  pounds  wnippi ug  puper. 

8  seal  Btatnps. 

86  jwuuds  sealiug-wax. 

1  steiieil  ])late,  company. 

7  stencil  plates,  letters  and  figures. 

10  sets  stencil  oatflts. 

11  tape-liiiM  or  meaanres. 

I«ABOBATOBY  0TOBB8. 

4  pint«  muri  iric  a-cid. 
130  pounds  sulphuric  acid. 
109  gallons  alcohol. 

100  pounds  ffamaittbio. 
1454  pounds  beeswax. 

5  pounds  borax. 

1  camera- obseura  head. 

42  pounds  camplior, 

90  ])ounds  ammouiated  copper. 

1  barrel  of  flour. 

115  pounds  glue. 

20  pounds  laid. 

15  boxes  concentrated  Ije. 

76^  pounds  mercury. 

1, 000  pounds  niter. 

960  pounds  laboratory  paper 

20  pounds  black  pepper. 

^  barrel  plaster  pans. 

250  pounds  potash. 

30  pounds  rosin. 

5  pounds  sal-umiaoniac 

6  hair  sieves. 

36  pounds  nitrate  of  stnmtia. 

3C>7  pounds  sulpli.ir. 

200  iKvnnds  tallow. 

30  pounds  tobacco. 

368i  pounds  Japan  wax. 

24  gallons  whisky. 

OIL0,  PAINTS  BTO. 

58   pounds  asphaltum. 
353  gallons  coal  tar. 

36|  gallons  Ja[)ai)  drier. 

10    potinds  ]>atent  drier. 
5    iiouiids  walnut  graining. 
loO    gaiioiis  lacker. 

22  ponnds  lampblack. 
50  ponnds  red  lead. 
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3, 24i>   ix>uuds  whiUi  leaii. 
1)  ponndB  extract  logwood* 
91>^  qnarte  cosmoUne  oiL 

7,120    pound!?  liariies«  oil. 
325 J  ffsilluus  krrns<Mio  oil. 
15    gallous  larU  oil. 
861^^^  ^^allons  liDSeed  oiL 
l|  pillons  lubricating  oil. 
22oi  gallons  noatsfoot  oiL 
62    pillons  neutral  oiL 
5    galloub  olive  oil. 
834^  gallons  Bperm  oil. 
1|880|  ponnds  black  paint. 

31    pounds  ivory  black  paint. 
40    pounds  brown  paint. 
1, 075   pounds  greeu  paiut. 

865  pounds  lead-oolor  paintb 
4y  252    poundH  metallic  paint. 
3, 9 7 7    po  u  n  d  s  ol  i  ve  pai  n  t . 
1514  jHniiids  r«'d  paint, 
121o   pounds  orieutal  red. 
10  pounds  Venetian  rod. 
10  pounds  venniUlon. 

1  gallon  chrome  yellow. 
10   boxes  stencil  paste. 
90   pounds  puttj. 

20  pounds  shellao. 
28  pounds  sienna. 
10    pounds  soda* 

2  gallons  tar. 

809   gallons  turpeutiue. 
40  pounds  umber. 
»    5  gallons  asphalt-vamish. 

3  gallons  coach  varnish. 

20  i!;»11oiis  copal  varnish. 

21  gallons  Japan  variiisli. 
202^  pounds  whiting. 

MIBCIBIJiANBOinS. 

456  arm  chests. 

1, 383  wooden  powder  Imnels. 

2  waste-paper  baskets. 

1  boat 

94  bottoms  for  reloa4ing  tool  boxes. 

55  reloading  tool  boxed. 

2  sponge  boxes. 
213  tin  cans. 

2,372  powder  canisteis* 

1  specimen  case. 

20  chamois-skin  saber  cases. 

12  ohanois-skiii  sw<»d  eases. 

510  pounds  wheel  gveSM. 

72  powder  kegs. 

2  washing  troughs. 
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MACZUNES,  £TG. 

2  arbors. 

2  diameter  cjilipers. 
1  diameter  gaage. 

6  crusher  gauges. 

4  pressure  gauges*. 

10  aHsui ted  ring  gauges. 

1  star  gauge. 

1  rifle  guide  for  star  gauge  points. 

1  engine  lathe* 

1  hand  lnth<*. 

6  plugs  for  ci  uslier-gauge  housiugfi. 

1  set  8ta  1     u  g  c  points. 

TOOIiS. 

1  adse. 

1  anvil. 

20  ain'ons. 

1  auger. 

6  brad  awls. 
12  awls. 

712  saddlers'  awls. 

15  seat  awls. 

12  stub  awls. 

201  ttwl-baodles. 

77  awl-handles,  patent. 

10  fellinpf-axcs. 

3  hatul  axes. 

5  axe-baudles. 

1  bellows,  smiths^* 

1  extiiisi  a  bit. 
23  bits  tor  brace. 

2  dredgiug  boxes. 

7  braces. 

3  bnubes  fbr  oiling  leather. 

361  paint  brushes. 

30  j)aste  hniRhes. 
131  sash  brushes. 

1  varnish  brash. 

9  iron  buckets. 

22  wooden  backets. 

3  calipers,  .sniiths^ 

4  baud  carts. 

23  ohalk  lines. 

6  chalk-line  reels. 
1  clianiiellrr. 

5  chains,  surveyors*. 

11  chisels. 

4  chisel  handles. 

29  clamps,  saddlson^. 

31  claw  tools. 
33  compases, 

6  couuter  siuks. 

1  itonereaser. 

43  wooden  oreasers. 
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1  dianioiul,  glaziers'. 

2  dippers. 

5  turuin^^  dogs. 

1  drill  stock. 

56  edge  tools. 

12  fids. 

730  files. 

20  file  handles. 

1  str:nning  fork. 

12  lucet  formers. 

4  copper  funnels. 
1  Airnaoe,  tinnenP, 

5  gauges. 
10  ginilf't'^. 

4  griudbiones. 

1  grindstone  arbor  and  crank. 

78  assorted  taammen* 

2  sledge  hammers. 
14  hammer  haudlfis. 
30  hatchets. 

19  hones,  saddlen^. 

7  labksorewB. 

163  assorted  knives. 

1  draw  in  K-nite. 

24  gauge  i^aives. 

23  splitting  knives. 

3  levds. 
22  mallets. 

6  marline  spikes. 
5|  010  needles. 

39  papers  needles. 

82  nippers. 

1  (til  v.\n. 

1  oil  cup. 

4  oil  droppers. 
6  oilers. 

28  oil  stoves. 

6  palms. 

1  pickaxe. 

2  pickaxe  handles. 

5  pincers. 

5  pin -drivers. 
9  planes. 

2  plane  irons. 
4  pliers. 

3  glne-pots. 

6  i)rickers. 

4  prick  in^r  carriapfcs. 
18  pricking  wheels. 

1  pritchel. 

88  assorted  punches. 

79  spring  puudies. 
4  panelling  blocks. 

131  riisps. 

7  rivet  sets. 

1  lonnding  iron. 
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95  rules. 

11  saws. 

3  saw  sets. 

3  scales. 
21  scissors. 

I  sooop. 

6  iron  scrapers. 

4  paiut  scrapers. 
30  screw  drivers. 

1  scythe. 

2  aoythe-SDatlis. 

1  scythe-aUme. 
46  shears. 

16  rubber  shoes. 

5  assorted  Bhovida. 

2  sickles. 

2  slickers. 

II  pairs  magazine  slippers. 

3  squares. 
29  thimbles. 

12  thimbles  and  hooks. 

6  ticklers. 

2  tool  bags  for  saddlers  and  smiths*  took. 

6  tOQgS. 

8  assorted  vises. 

28  assorted  wrenofaes. 
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AgporiUnment  of  ordnance,  ordnance  »iore$,^-c.,  for  the  fiscal  year  ending  Jmne  30,  1--4. 
mtdtr  yrttoiM  Itfgl  and  1667,  iiwM  iStotolM  (7ii<l«i  5te(M,  and  r«ytitelioM  «iia^<MA«rf 


Alabama.... 
ArkiWMM... 
CalifuniiA... 

rii!iira«lo . . . . 

Cotllll'l  t  Ir-Ut  . 

Dfiaware . .. 

Florida  

Gi'orpa..... 


Scnittoi  Hand 
ativM. 


lUinoia 

Indiana....... 

IllW.t  . .  ....,„ 

Kuu!*a«  

Kentucky  .... 
LouiHiana. .... 

Main(>  

Maryland  

Michijzan  .... 
Minni-HoUi  .... 

liiasis-tiiipi  ............................................................... 

MiK»nan  ........i 

Nobninka  

Nevada  

New  Uampshira ............................. ......  ...».  

New  Joraey  

New  York  

North  OSMilllft  

Ohio  I 

Oregon  ; 

Pennaylvanlft...  ....... ...........  .......................... 

Rhode  laland  ..........•*..........................................  

South  ( 
Teni 
Texaa. 


Vormont  

Virginia  ..:  

Weat  VirKlnlA  • 

Wlsconaln  ...........................................«...............„..' 

AriEona  TerrWoty*  ,  

DakoU  Territory*  ' 

Idaho  Territory  *  , 

New  Mezioo  Tettltory* 
If ootMift  TsRllanr  * . . . . 


M|Mi.*o. 


19 
7 
B 
• 
• 
S 
4 
12 
22 
IS 

u 

9 

U 
8 
• 

8 
14 
IB 

7 

6 
t 
4 
• 
M 
U 

n 
t 

•P 

« 

B 

IS 

II 

4 

• 

U 
1 
t 
t 
t 

s 
I 

t 
I 


$4,439  13 

3. 107  39 
3.  551  31 
1.  .131  74 
2,663  4S 
1,331  "4 
1.  T75  65 

5.  86 
9.  76«  l»9 

6,  a'*  TO 
5,  77  K  ■•<7 

S,  551  31 
l<Ma  48 

8.  551  31 
«,  214  79 
6.770  87 
3, 107  39 
8. 906  2S 

7.103  n 

t,aBS7 

],an74 

1,77ft  • 

i%sioa 

1.  «74 
11.117  4ft 

l«77tfll 

ftwMsa 

S,BS«ftS 

5,770  S7 
1,775  IS 
5. 32«  M 

2,  G63  4ft 
4,883  «ft 
1, 331  74 
1.881  74 
1.881  74 
1.  S31  74 
1,331  74 
1.  831  74 
1.  331  74 
1,  331  74 
1.  331  74 


>  ApporHonMnt  MooBdiog  to  the  fint  patBgnph  of  the  Preddeot'i  regnUtiou  of  April  Sft.  18SS. 
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JStafement  of  ordnance  and  ordnance  storcft,  dr.,  fUstfihufed  to  the  militia 
f  rom  Julyl,  1883,  to  June  30, 1884,  under  teotiom  1001  and  1667,  Ji»- 
vited  Statutes  United  States. 

OLAflS  L 

2    10  jKMiiider  Parrott  rifled  j;uii«,  3-iach  bore. 

1   12-pouDder  moimtaiu  howitzer. 

4  3-lDeh  breech-loadiug  bowitsen,  with  sightB  complete. 

11  3'iDch  wrought  iion  rifled  guus. 
1  Loweli  battoiy  goD,  caliber  •4& 

Class  IL 

1   carriage  and  liiiHier  for  12-])oniider  gun. 

12  carriages  and  timlMM\s  for  3  iiicli  guns. 

4  carria^'cs  lor  .i  incli  breech-loadiug  bowitzers,  witli  imple- 
meuU  aiid  equipments. 

1  carriage  for  liowell  battery  gno,  caliber 
4  CRiesons  and  limbers  for  3-iDeh  gan. 

Class  III. 

4  copper  fiiuiieks. 

2  covers  for  Gatling  gan. 
4  drag  ropes.; 

20  extractor  books  for  GatUiig  gao. 

8  fuse  blocks. 

14  fuse  cutters. 

13  fuse  gougee. 
12  IVise  wrendies.* 

1  fuse  jilug  wrench. 

25  fi'i'd  cases  for  Gatling  gan, 

56  gunners'  baversacka. 

23  guuuerii'  gimlets. 

21  ganners'  pincen* 
42  bandapikea,  trail. 
73  laTi^ards. 

45  priming  wires. 

proiouges. 

20  pairs  pole  stiape. 

0  pole  pads. 

3  poles  for  3-inch  carriage. 
30  pauiins,  12  bj  Id  feet. 

(«7) 
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1  panlin.  8  bv  12  feet. 

14  pendnlam  haasaes  for  field  mxns. 

10  peiid u  1  uiii  haniM  iealis  tot  f eld  euna. 

26  pi'udiilum  Liiusse  pouches  for  fwd  guns. 
4  powder  iiieaDures,  1  pouud. 

58  sets  artillery  harness,  2  horses,  wheel. 

42  sets  artUIenr  haraess,  2  horses,  lead« 

16  sponge  buekets, 

10  sponpps  and  rammers,  12-pouiider  gun. 

2  8])(>n>;e8  and  rammers,  12  pouuder  mouotuii  howitMT. 
2  spouges  and  rammers,  6-pouDder  gan. 

68  spongee  and  rammers,  3-mch  rifle  gan. 

8  sponge  covers,  l^-ponnder  gun. 

*J  sponjre  covers,  6-ponnder  gun. 

44  sponge  cnvcrN,    inch  rifled  gim. 

14  sponges,  ^-luch  rided  gun. 
91  fhnmbstaUs. 

17  tar  backets,  iron. 

24  tube  pouches* 
8  tow  hooks. 

13  tompious,  for  3-inch  rifled  guns. 

31  vent  punches. 

27  vent  covers. 

22  watering  bridles. 

15  worms  and  staves. 
1  wheely  ^o,  1,  spare. 

Classes  1Y  ani>  V. 

25  12-poun<lri  sli  f.  strapped.  * 
49  12-pounder  shi'll,  strapped. 

24  12  ])onT)di'r  spherical  case,  folly  prepared. 

30  ^  iiich  shot, 

465  S-ineh  shell. 

155  3-iuch  case  shot 

100  3-inc-h  canister. 

200  3  inch  shrai)nel  for  brtcrh  loading  howitzer. 

200  3-iocb  shell  tor  breech  loading  howitzer. 

4  3-meh  dommy  shot  for  breeoh-loading  howitser. 

4  3>inch  dummy  cartridges  for  breeoh'loeding  howitzer. 

1,  000  metallic  ball  cartridjjjes,  Gatlinj?  gnn,  calibci  I  inch. 

1,000  metalUo  canister  cartridges,  Gatliug  gun,  caliber  1  inch. 

Gjlass  YI. 

4y707  Sprinfrfleld  rifles,  caliber  .45. 

100  Spriii^'fleld  muzzle-loading  rifled  moskets*  oaliber  M, 

2r>()  Sjiriii^fleld  carbines,  caliber  .45. 

5")()  Cult's  revolvers,  oaliber  .46, 

100  otticers'  swords. 

83  nou-eommissfoned  olBoers'  swords. 

160  light-artilleiy  sabers* 

170  cavalry  sabws. 

416  bayonets. 
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750  bteodlefls  ahell-extraotorsi  caliber  .45. 

H0B8B  BQUIFlEami. 

178  bridles,  p.nvh.  f^nvnlry. 

34  brash  and  shoe  pouches. 

300  carlnne  sockets  and  strapa^ 
comba. 

13  halters. 

90  horse  brashes, 

34  linki}. 

06  lariats. 

273  noae-bags. 

65  pirknt  ping. 

140  pairs  spars  and  straps. 

70  pairs  saddle-bags. 

S44  saddles,  oaralry. 

ffiLO  Middle  blMiketi, 

13  surcingles. 

12  saddle  cloths. 

mFAMTBY  BQUIFMBIfTS. 

$f  &70  bajODet  scabbards. 

100  blanket  bags. 

100  pairs  Uanket-twc  shonldier  ttn^ 

100  pairs  coat  Btrap^ 

140  cap  poiichps. 

60  canteens  and  straps. 

4,175  Mitridge  belts  and  plaftM. 

10,000  cartridge  boxes. 

7,210  {^un  slin^rs. 

100  s ! i rl i n ^  in for  uou-oomiiuasioned  oMoers'  waist-belts. 

Am  400  waist  belts. 

SyOSS  waist Mto and ptatoi. 

IBTUiIiBBT  ai^UIPlIIIITB. 

00  legguaids. 

88  wtaipti  artillery. 

OAVALST  SQUIPliXNTS. 

260  earbine  slings. 

250  carbine  si  in  c:  swivels. 

190  pistol  bolsters. 

100  sword  knots. 

810  saber  belts  and  plates. 

Glam  VUL 

1,660  blank  ovtridges,  l2-poiuid6r  gvn. 

If 000  Uank  oartridges,  12-poander  moootain  howitw. 
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500  blank  oaHridg^eSf  G  ponnder  ^un. 

2,350  bhink  cartridgrcs,  3  inch  rifled  gun. 

157,000  riile  ball  caitridges,  caliber  .50. 

663, 000  rifle  ball  cartridges,  caliber  .45. 

6, 000  revolver  ball  cartridges,  caliber  .45. 

110,000  rifle  and  carbine  blank  cartridges,  caliber  .50. 

305,  rifle  and  carbin<»  blaiuk  cartridges,  caliber  .iS, 

4,  OUU  muiiket  blauk  cartridges,  caliber  .58. 

1, 000  revolver  blank  cartridges,  caliber  .45. 

230,000  bullets  for  Lowell  battery  gnu,  caliber  .4ft. 

S,000  round  lialls  for  Lowell  battery  gun,  caliber  •46w 

1,500  practice  cartridges,  caliber  .45 

1, 000  practice  cartridges,  round  bail,  caliber  .45. 

1, 000  practice  shells,  caliber  .45. 

7, 000  cartridge  sheUfl,  caliber  45. 

10, 535  friction  primen. 

475  fuses.  i 

10, 000  lubricants  for  reloading  Jjoweli  battery  guu,  caliber  .4i. 

180, 000  primers  tar  reloading  Lowell  battery  gun,  caliber  .iS* 

80  sets  reloadera  for  Lowell  battery  gon,  oaUber  .45. 


PABTS  OF  BPBINGVIBLD  BIFLB,  CAIIBBB  .46. 

17  breech  blocks. 

25  breech-block  caps. 

819  l»eeeb-bloclc  cap  ocrewa. 

3  breech  eorewB. 

150  bridles.  * 

240  l>i  idle  Hcrews. 

5  cam  latches. 

2S0  cam-latch  springs. 

270  extractors. 

425  f  jrrf  or  K{)rin«3:s. 

6  cjcctur  spring  spindles. 

1  ejector  stud.  • 

1,375  firing  pins. 

1, 144  firing-pin  screws. 

li  250  fi rin ^  pin  springs. 

10  fjuanlM. 

25  guaril  bows. 

35  gaaid-bow  swivels. 

25  guard-bow  swivel  screws. 

■  10  guard  screws. 

4  hinge  pins. 
10  locks. 

5  lower  bands. 
212  main  springs. 

12  inain-sprifig  swivels. 

030  rear  sights. 

100  rear-sight  slidewews. 

1  receiver. 

102  ramrods. 

90  sears. 

230  sear  springs. 
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221  sear  screws. 

96  sear-spring  seraws. 

17  stocks. 

1, 180  screw  drivers. 

320  spring  vises. 

37  side  screws. 

129  tumblers. 

344  tumbler  screws. 

390  tambler  paDches. 

30  taDg  screws. 

30  apper  bands. 

10  wooden  wiping  rods. 

PA&XS  OF  SPBINOFIELD  BIFUS,  OiJLlBS&  .50. 

20  barrels. 

50  breech  blocks. 

115  breech  screws. 

50  breiHih  block  cap  screws. 

250  bridles. 

350  bridle  screws. 

200  bayonet  clasps. 

3(Ki  bayonet-clasp  screws. 

150  butt  ]i1utc  screws. 

100  c^iui  latches. 

200  cam-latch  pins. 

500  cam  latoh  springs. 

300  oxr  factors. 

1,  4(M)  ejector  springs. 

400  ejector-spring  spindles. 

60  ejector  stnds. 

000  firing  pins. 

200  firing-pin  screws. 

25  front  sights.  » 

150  guurds. 

50  guard  bows. 

100  gaard-bow  swivels. 

100  gaard-bow  swivel  screws. 

125  guard  screws. 

25  guard  plates. 

60  gaard-bow  nuts. 

30  hammers. 

150  hinge  pins. 

25  locks. 

20  lock  plates. 

175  lower  bands. 

45  main  springs, 

.'wy  main  spring  swivels. 

^iM)  main  spring  swivel  rivets. 

50  receivei's. 

60  ramrods. 

130  lear-slgbt  bases. 
500  rear-siglit  Tpnvf^R. 

5(K)  rear-sight  leal  screws. 

450  rear-sight  leaf  slides. 

200  Tea^sight  springs. 
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300  rear-Bight  joint  screws. 


375  Man. 

150  Rear  springs. 

300  sear  screws. 

200  sear-spriug  sorewa. 

MO  Btockcu 

26  springr  tImS. 

500  side  Rcrews. 

600  tumblers. 

326  tumbler  screws. 

100  tip  sorewa. 

25  thombpleeM. 

100  trigger  screws. 

160  upper  bands. 

300  npper-band  swivels. 

600  upper-band  swivel  screws. 

PABT8  OF  ■FBDrOFIBLD jOABSINBi  OIXIBEB  .45. 

10  bands. 

10  breech  blocks. 

•  bmoh  aorawa. 

10  cam  latches. 

12  extractors. 

60  ejector  springs. 

12  ^ector-spriug  spindles. 

2  ^eefeor  atuda. 

50  mtng  pioa. 

10  guards. 

20  guard  screws. 

8  hinge  pins. 

10  looka. 

10  rearaiglitB. 

2  receivers. 

10  stocks. 

24  side  screws. 

20  swivel  bases. 

10  swivel-base  ringa. 

10  swivel  bars. 

10  tang  sorews. 


2   sets  reloading  tools. 

4  oartridge-bag  formers,  for  3-inch  breech-loading  howitaar. 


4i00  oartridge  baga,  l^onoay      3-inoh  braeoh*loadiiig  howit> 

zer. 

400  cartridge- bag  followers,  for  3-inch  breech-loading  howitaar. 


iUHBOXTS. 
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JStatement  oj  or4nanoe,  ordnance  stores^  ttx\,  dutributed  to  the  Territoriee 
miA  liMu  hordm4nff0iereonj  Arm  July  1^  1883,  to  J111M8OL 1884^  mubr 
ike  JokiA  reeolutiotui  of  July  1 1876,  Monk  3, 1877,  mti  Jima  7, 1878, 

100  bpriugiield  hlieji,  caliber  .50. 

100  iMtlier  bayonet  scabbaida. 

100  OttCttidffe  boxes. 

TOO  waisf-  belta  and  plates. 

5, 000  rifle  bail  oarthdges,  caliber  .50. 
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Statement  of  ordnance  and  ordnoHM  Horei^  4k.,  distributed  lo  ooUegei from 
July  1,  1883,  to  June  30,  1884,  unde^-  section  1225,  BtKfiM^  StaMm 
United  States,  as  amended  bj/  act  a^roved  July  5|  1870. 

Class  L 

6  S-inoh  wioaght-iron  rifled  (^uns,  model  1861. 

6  carriages  and  limbers  for  3  inch  guiis, 
2  oaiaaone  and  limbers  for  d-inoh  guns. 

CLASd  III. 

6  ganDers'  haversacks. 

6  handspikes,  traiL 

12  lanyards. 

6  priming  wires. 

6  paulios,  12  by  15  liBet, 

2  pendnlum-haosses. 

2  pfMidiilmn-liansse  seats. 

2  peudulum-hausse  i)oiicbeR. 

12  sponges  and  raiuinerb  tor  3  iuch  rifled  gans. 

12  sponge  coysis  fot  3-ineh  rifled  gans. 

G  tube  pouches* 

12  thumbsttJls. 

6  torn  pi  on  8. 

6  veut  covers. 

1  worm  and  stail^  field. 

OiiASS  YI. 

593   Springfield  cadet  rifles,  caliber,  .45. 
se  non-eommissioued  offioei'e  swords. 

Cl«AS8  YIL 

746  earteidge  boxes. 
593  bayonet  scabbards. 
603    waist  belts  and  plates. 
198    waist  belt  i)lates. 
36   shoulder  belts  and  plates^     Q.  O. 
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Class  vni. 

200  blank  cartridp'^s  for  12-p()uii(ler  gun. 

HiXi  blank  enrfridjxcs  tor  O  poiuider  gun. 

500  blank  curtriilges  tor  ^  iach  gun, 

a,  000  oarbuie  ball  cartriilgeA,  caliber  JSO, 

14, 000  carbine  ball  cartridges,  caliber  .45. 

Ti,  mf\  vAvhhw  l>1;iuk  cartridjijes,  caliber  .50. 

14,  oou  ear  bine  blank  cartridges,  caliber  .45. 

4, 500  friction  primers. 


I 


Appendix  8. 


Meport  qf  neUou  taken  under  Ihe  act  of  March  3,  1881,  during  tkefiaeal 

gear  ended  June  30,  I8S4. 

sou>. 


3b  J,  W,  SimMr. 

1883. 

Ool.   11.  94,900  pounds  mnsket  poiwder  fton  link«ii-iip  MBmaiiitioiif  ai  8 

«Mili  p«r  poond  |1*M4  00 

ir«T.  19.  1 1 , 160  ponndH  luimkei  powdw  fton  tnokMMip  «iiiiiMinitioa»  ai  6 

centa  per  pound   ^  SO 

T*.     If.  JMiP. 

Dm.   U.  1//^  20-poaiid«r  Fimtt  ihal]%  96^^  pound*,  a*  9  oonti  par 

pound  1,320  00 

8w  99*voiindar  JfwaxA  oaoa  ahot,  1^800  po«uiil%  aft  9  aenta  par 
ponna   740  00 

A  £  J.  Da  Fwt  J«  JRMaaart  #  Ce, 

1884. 

Jana  98.  98,909  poaadaimtarHaaaMa  powder  aft  3  oeots  per  pound   9846  00 

10,478  poonda  nnNrrloaaUa  poivdar  aft  3|  aanfti par  poond......  3»S  99 


Total  prooMda   9,135  79 

PURCHASED. 

From  South  Boston  Iron  WeHtt, 

1883. 

Joly  25.  260  4.2-lnoh  Bntler  shot,  at  $7.60  each   91,900  00 

Nov.  13.  250  3-ioch  Bntler  Bhot.Rt  12.79  each   (W7  60 

250  3-inrli  Butl'T  sliflls,  at  $^2.62  each.....   n:,;-,  00 

300  4.5-mch  BuUor  shot,  at  |6.Ci5  each   1, 995  00 

960  4MiohBa«lar«h^  at  16.87  eaah   1.71780 

From  Wett  Point  Foundry  AMooiation. 

1883. 

KOT,    13.  250:^incli  Butler  nhnf,  nt  ?2.79  t  :u-h   (197  50 

250  :i-inch  Butler  sbollu,  tit  ^'ZAy^  each   a'ST)  00 

300  4.&'inch  Hutlcr  shot,  at  |6.(i5  each  ,  •   1,9%  00 

960  4.5-iiioh  Bailer  shells,  at  $6.87  each   1, 717  50 

JV«a»A  /.  DaPaoldf  JTanaari^Cliw 

1683. 

Jnly    1.  82,272}  poands  moikaft  powder,  at  22  cents  p«r  ponnd  •  18, 100  00 

10,000  pounds  cannon  powder,  at  22  cents  p^r  pound   2, 200  00 

Not.    2.  1,000  ponnds  hexagonal  powder,  at  25  cents  per  ponnd   250  00 

Jan.  25.  10.000  pounds  sphero-hexagoual  powder,  at  85  cents  per  pound..  2,500  00 

Marobll.  4,000poand8  graoalatod  powdar,  aft  16  oenfta  per  pound....   799  90 

April  99.  10,900  poonda  ■pban>*lMaagottal  povrder  aft  96  oanfta  par  poaada—  9^600  99 


18d4. 

Jan.    IS.  10,000  pounds  Bpelira-lMsafODalpowd«r|ail99«Biili per  pound..  9,800  09 
OfWli poonda  hasafoaal powdar, aft 99 ooirti par  pooad   2,566  58 


ToftripoidiaMd   49,399  89 
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TBM  OXIDAHOXF  of  MRXALUC  rAETS  OF  TBB  SFRDfOFIEZJ)  RIFLE. 

BY  LIEUT.  COL.  A.  R.  BUFFINGTOX,  ORDNAKCB  DEPAKTMiXT. 

National  Aemoby, 
Springfield,  Mom.,  October  7,  1884. 

Sir  :  Within  a  few  days  past  1  have  bi-en  called  upon  by  the  Depart- 
meut  for  reiiiaikM  relative  to  the  "Bower-liarfV  ]irn<M^'<s"  of  oxidizing  the 
surface  of  iron  and  steel  for  pi'etiervHtiou.  iu  day  a  representative  of 
the  paitiw  oontrolling  tbis  piooeM  oallwl  apoB  me  witii  speefaneiui  of 
their  work,  one  a  piece  of  gun  barrel.  In  this  way  the  snbjeet  has  again 
"hf  cii  called  to  attention,  at  the  same  time  the  discovery  is  made,  by  a 
comparison  of  work  and  a  fuller  knowledge  of  the  Barff  process,  that  a 
method  now  in  use  at  this  armory  is  superior  to  it  for  the  oxidation  of 
pttts  of  amall  arms.  Six  or  seven  years  ago  the  BarlF process,  so  far  as 
my  knowledge  extends,  was  made  known  in  thi.s  country,  and  attracted 
my  attention  relative  to  the  oxidation  of  pai  t  s  of  small  ai  Tus,  but  my 
interest  extended  no  further ;  the  dilliculties  uMcnding  the  application 
and  the  high  degree  of  heat  required  presenting  obstacles  J  did  not  care 
to  eneonnterexperimentaUy.  Some  time  after,  either  immediately  be> 
fore  or  after  my  change  of  station  to  the  Watervliet  Arsenal,  I  saw  a 
public  notice  of  :i  l<M  tm'e  in  England  in  whicii  it  was  stated  the  lecturer 
asserted  tiie  uxululion  of  iron  and  steel  surlaees  hy  the  application  of 
melted  niter  to  be  the  magnetic  or  peroxide  of  Iron.  This  or  a  similar 
notice  was  seen  by  one  of  the  assistant  officers  at  Watervliet,  and  he 
called  attention  to  it  and  suggested  that  it  be  tried,  which  I  instructed 
him  to  do  with  the  lariat  rings  then  inannfaetured.  The  result  proving 
satislactory,  the  rings  were  ULereafter,  up  to  the  time  of  my  leaving  the 
arsenal,  so  colored. 

About  this  time,  being  on  a  board  of  offleers  in  Kew  York  with  the 
late  Colonel  Benton,  then  in  eoinnian<l  of  the  armory,  I  called  hisatten- 
tioTi  to  the  subject  with  a  view  of  i  jt]>l>  in^  the  i>rocess  to  parts  of  small 
arms.  Ue  soon  alter  died,  and  no  lurther  action  was  taken  nntil  some 
time  after  I  succeeded  him  here,  when  my  attention  was  again  oalled  to 
it  by  Uie  master  armorer  observing  the  coloring  of  some  metal,  oxidized 
by  niter,  whieh  I  had  brongbt  with  me,  and  asking  how  it  had  lieea 
done. 

I  then  began  experimenting,  but  succeeded  only  at  first,  with  the 
help  of  one  of  the  workmen,  in  seenring  a  good  ootor  for  the  tip  of  rifle 
stocks.   This  part,  malleable  iron,  had  always  been  case-hardened.  The 

case  hardening  Itosides  not  coloring  uniformly  injured  tlic  fHcs  in  fitting 
the  raninier  to  the  groove  in  assembling  the  arms.  From  this  jsueeess, 
without  entering  into  details,  we  have  progressed  until  now  tips,  bauds, 
band-springs,  guards  (tnlly  assembled),  and  bnt^plates  are  colored  with 
the  niter,  and  some  experiments  with  barrels,  alter  one  (the  first)  mat* 
ing  of  the  present  browning  prf>ccss,  would  iiulicatc  tlint  it  is  but  a  ques- 
tion of  time  antU  all  metal  pai  ts  of  the  rifie  nut  requiring  to  be  bar- 
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deoedy  aie  so  eolorad.  But  sfter  the  soecm  with  tbe  tip  when  Hie 

process  consisted  simply  in  immeirsion  in  melted  niter  at  aliont  the 
molting  torn rat ure,  after  a  bhieinf:^  made  in  the  ordinary  way  with 
beat  (the  malleable  iron  it  was  lb uud  required  this  pi*elimiuary  bluemg), 
a  change  was  made.  Whether  the  resulting  satisfactory  work  is  dne 
to  that  change,  or  simply  the  reenltof  more  skill  and  jndgment  aoqnired 
by  practice,  as  to  degree  of  heat,  time  of  immersion,  &e.,  I  am  unable 
to  say.  Tho  rlKinpe  eonsists  in  puttinj::  in  the  vosst  l  with  the  ifielted 
niter  a  few  pounds  of  peroxide  of  manganese.  It  wa^  known  tu  me  that 
the  presence  of  this  mineral  increased,  withont  any  chemical  change  in 
itself,  the  oxidiriog  properties  of  chlorate  of  potassft.  Why  not  as  well 
the  nitrate  of  potassa  ?  I  tried  it  with  the  result  as  above.  I  have  made 
no  secret  of  this  whole  niatter  and  it  ban  already  attracted  the  attention 
of  one  private  arms  company  to  the  extent  of  coming  here  to  see  and 
learn  the  prooees.  But  it  has  oeeorred  to  me  the  armory  proeess  being 
superior  in  oolor  (to  the  specimen  of  gnu  bra n  i  shown),  economy,  and 
simplicity  of  application,  nml  theheat  re»iiiired  not  afTectin^;  the  temper, 
wliicb  the  Barrt"  process  does,  of  tenipen.'d  parts  snhjcctcd  to  it,  the 
United  JStates  bhould  be  securetl  in  the  use  of  this  valuable  method 
without  payment  of  royalties,  by  the  publication  of  the  history  of  its 
use  here.  The  simple  oxidation  of  iron  and  steel  by  niter  could  not  be 
patented,  as  books  of  chemistry  have  long  ago  published  it,  bat  the 
process  as  above  described  might  be. 

I  therefore  uiake  this  report  with  a  view  to  its  speedy  publication. 
The  method  used  befe,  in  brief,  is  as  follows :  A  cast-iron  pot  or 
sel^  o\)ei\  to  the  air,  built  into  a  furnace  of  fiie-briok  and  heated  from 
below,  contains  the  niter  and  oxide  of  nranganese  at  a  temperature 
sufiQciently  iii.^h  to  cause  iguitiuu  and  couibustion  of  a  pinch  of  sawdust 
thrown  upon  the  surface  of  the  niter.  The  parts  to  be  subjected  to 
oxidation  are  suspended  by  wires  from  a  stationary  hook  above  the  pot, 
in  tiiie  center  of  the  niter  after  immersing  and  moving  them  about 
thro?iL'h  it  so  as  to  stir  h]>  the  iTri\t!n-t'.  Tlic  parts  are  put  in  coh]  nnd 
Jinix/itd  excepting;  color,  and  lelt  suspended  as  above  from  tive  niniutes 
up,  depending  on  the  size  and  color  required.  Aiier  the  lapse  oi  the 
required  time,  or  alter  satisfiietory  color  is  obtained,  which  can  be  de- 
termined by  raising  the  charge  out  of  ib»  niter  and  looking  at  it,  it  la 
p1un;]^ed  into  a  vessel  of  hot  water  to  cool  and  remove  the  adhering 
nitre;  then  into  oil,  completing  the  process. 
Bespectfully,  your  obedient  servant, 

A.  B.  BUFFIKGTO^, 

Chief  of  Obbnarob,  IT,  S.  A., 
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MMPOST  OF  THE  FBINCIFAX,  OPSBATIOlfS  AT  TEB  BOCK  ISLAND  JBSE- 
KAL,  ILLINOIS.  DUBINO  TEB  FISCAL  TBAB  BNJ>BD  JUNE  90,  1684. 

XaBUT.  OOL.  D.  W.  rLAOLBR,  O&O^fjLNCE  DKPAJRTMENT,  COMHA»f>l»Q. 

(Two  plates.) 

Shop  JBL^^An  ir<mfini9h%ng  Mhop/ar  ths  armorf^- 

Tbis  shop  wa.s  coiuitieuced  ia  August,  187S.  The 
duiinipthe  year  is  as  Ibllows : 

8TON1B  WORK. 

The  walls  of  the  third  story  have  been  completed,  thus  completing 
tbe  walls  of  the  building.  The  stone  for  ontside  steps  and  platfonns 
ham  been  pnrehased  aud  cut,  and  at  the  closo  of  the  year  the  oonstrae- 

tion  of  masonry  for  spttiTiLT  tlicso  steps  and  ])l:itloriiis,  tlie  bnildnifr  of 
arwk  walls,  and  the  gnwiiii;;  aro;is  aud.  tloorin^-  the  isauio  with  stoiio,, 
wadS  in  progress.  lu  connection  with  this  work,  the  sewers  with  drain 
pipes  and  stenoh  'tmpn  fkim  sreas  and  rod  down-sponts  and  the  water 
nuins  were  being  put  in. 

IBOK  WOBK. 

The  beams  for  the  iron  roof  frame  have  been  purchased.  The  bar 
ir^n  for  the  tniss  rods  nini  otlier  iron  for  thi^  root'  was  manufactured  in 
tiie  Armory  rolling  unii  aud  iu  the  Ar^eual  foundry. 

Tbe  roof  frame  was  entirely  manofiiotored  in  the  Arsenal  shops  dur- 
ing the  winter,  and  at  the  dose  of  the  year  nearly  all  of  it  had  been 
aet  np  on  the  building. 

OTHBB  VOBK  BOHK. 

The  brick  and  skewbacks  (alyotit  1  ,f){)o,(H»0)  for  the  tire-proof  arches 
were  purchased  and  stacked  under  cover  during  the  winter.  There 
1>eing  no  other  demand  for  brick  during  the  winter  they  were  purchased 
at  that  season  at  about  15  per  cent  less  than  summer  prises. 

The  door  and  window  frames  and  the  window  sash  were  manuCsot* 
ored  in  the  Arsenal  shops,  aud  the  latter  glazed  during  the  winter. 

At  the  close  of  the  vear  the  work  of  putting  on  the  roof  sheathing, 
copper  and  slating,  and  patting  in  briok  arches,  and  putting  in  windows, 
wM  in  progress.  This  buldmg  will  be  entirely  completed  daring  the 
prasent  ilsm  yesr  if  the  appro^iiatioa  therefor  proves  sui&oieiit. 


-{FhATR  I.) 
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Shop  K^A  FMMiffmd  tMdnff  Shop  for  M«  Armory. 

(Plato  1.) 

This  shop  was  commenced  in  July,  1881.  It  is  the  last  of  the  shops 
embraced  in  i\w  ])l:u)8  for  botli  the  Armory  and  the  Aiaetial.  The  work 
done  OA  it  daring  the  year  is  as  follows : 

STONB  WOEK. 

The  stone  required  for  the  hrat  story  has  been  purchased  and  cut,  and 
the  walls  of  this  story  completed.  Rather  more  than  three-foarths  of 
the  stone  lequired  fbr  the  second  story  has  been  purchased^  one-half  of 
it  cut,  and  the  walls  of  one-half  of  this  story  have  been  built.  The  Stone 
for  nearly  one-half  of  the  third  story  has  been  purchased  also. 

It  may  be  worth  while  to  state  here  that  the  third  story  walls  con- 
tain all  the  large  costly  dimension  stones  of  the  entablature,  which  are 
difficult  for  the  qaarryman  to  provide.  Geoerally  not  more  than  one- 
tenth  of  the  product  of  a  quarry  will  answer  for  these  stones.  For  sev- 
eral y(  m  s  1  have  adopted  the  practice  of  allo\\  in^  the  cimtractor  to 
quarry  and  iurnish  these  stones  whenever  he  can  get  them  during  the 
three  or  foor  yean  tiiat  he  is  fkinitohing  stone  ft^  the  dato  of  oom- 
mencingr  the  building  till  the  wails  are  finished.  This  enables  Iiim  to 
ffct  out  these  stones  whenever  he  can  alon^r  with  the  other  cheaper 
stones,  the  rubble  and  ashlar,  sliip  thcni  an<l  receive  payment  for  them. 
It  saves  bim  the  great  expense  of  hauling  them  to  distant  ground,  keep- 
ing them  several  years  till  they  are  wanted,  and  then  hanling  them 
back  to  the  ears,  and  waiting  sev^eral  years  for  the  price  of  them. 

Instead  of  this  he  ns(  d  j^cnerally  to  srll  Theni  to  other  i>artie8  if  he 
could,  or  eon  vert  them  into  the  cheaper  grade  of  ashlar  for  the  Arsenal 
shops,  aud  wlien  the  construction  of  the  third  story  was  reached  long 
▼ezations  delays  wonld  occnr,. while  the  eontractor  was  quarrying  and 
hauling  out  of  his  way  large  quantities  of  QUSftlable  Stone  in  order  to 
get  at  the  difficult  stouf  reqnired.  The  present  custom  enables  him  to 
ship  at  once  as  it  is  (piai  i  n  d  nearly  all  of  the  sound  and  w<dl-shaped 
stone  of  his  quarry  as  he  quarries  it,  antl  thereby  saves  to  the  Uuited 

States  a  large  percentage  in  the  price.  Also,  as  these  stones  feqniie 
moch  labor  in  cutting,  it  enables  me  to  have  them  ont  during  the  sev- 

eriil  Nvi?iters  that  the  walls  are  in  proirress.  ;ind  saves  the  considerable 
expense  of  taking  on  a  large  nunibei  t»i  unti  ied,  and  probably  unskilled, 
cutters  to  hasten  the  cutting  when  the  third  story  is  reached.  This 
practiee  has  saved  probably  abont  $8,000  on  the  cost  of  the  walls  of 
each  shop. 

All  the  iron  beams  for  the  second  floor  have  been  pniehased  daring 

the  year,  fitted  in  the  Arsenal  shops,  and  put  in  position.  The  iron  cor 

umns  for  the  first  story,  the  caps  for  the  same,  and  the  cay>s  mthI  bases 
for  the  secuud  tioor  have  been  cast  aud  fltted  in  the  Arsenal  shops  and 
put  in  position. 

WOOD'VOIEK. 

All  the  lumber  for  this  bnildinp^  has  been  purchasedi  and  stacked 
under  temporary  sheds  for  seasoning. 

A  large  amount  of  other  work  in  oonneotion  with  grading,  drainaget 
paving  the  conrty  areas,  and  area-wall  fonndation  has  been  done  anniiid 
this  bnikUog. 
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Stube-house  a. 
(Plate  L) 

This  biuUliii;;  was  <M»nnnence<l  in  April,  iss:5,  uud  is  UH^  tir.st  of  the 
store  iiouses  required  lor  the  Arseual  and  Ariuury.  At  the  begiuiiiug 
of  the  fisoal  year  the  exeavations  for  the  basement  had  been  oompletet^ 
the  fooudations  put  in,  and  a  portion  of  the  basement  atoiy  haa  been 
built.  The  work  done  on  the  building  doling  the  year  was  as  Allows : 

STONE  WORK. 

The  biiMeiupnt  story  walls  have  been  iiuished ;  the  twenty  six  stone 
piors  required  for  sn.stMiriiiiji  the  Hoors  have  in'^-n  huill  ;  the  iiecond 
Htury  h&ii  been  built  entire,  and  the  third  slory  nearly  con»pletc<l.  The 
stone- work  was  in  rapid  progress  at  the  close  of  the  year  with  the  view 
of  completing  this  story  and  the  next  (thus  completing  the  walls  of  the 
building)  by  November  1, 1884,  in  time  to  put  on  the  roof  before  severe 
winter  weather  sets  in. 

IBONWOBK. 

The  miissive  caps,  baso^.  and  corbels  for  the  tops  of  tlie  ntoue  piers, 
in  cui'iection  with  the  first  f1f>or,  were  east  and  finished  in  the  Arsenal 
shop-  luring  the  winter  and  have  been  put  into  the  building.  T>mw- 
iDg.->  i>i  this  iron- work  wore  furnished  with  my  annual  report  of  last  year. 
At  the  close  of  the  year  the  same  iron-work  for  the  second  story  and  for 
the  third  floor  was  in  progress  and  nearly  completed. 

WOOD-WOEK, 

All  the  lumber  for  the  whole  building  has  been  pnrehased  and  stacked 

under  temporary  sheds  fof  seiisoning,  and  the  heavj^  timbers  and  joists 
'  for  the  first  and  second  floors  have  been  fratnod  and  put  in  position,  and 
were  nsetl  a^  scatJblding  for  carrying  the  heavy  traveling  cranes,  ami 
tramways  for  transporting  stone  used  in  the  oonstraotion  of  the  walls  of 
the  bnildlng. 

These  floors  are  desi^'iied  to  snp])ort  a  load  of  400  pounds,  per  square 
toot.  Drawings  sliowlug  their  coustractiou  were  furmtihed  with  my 
report  of  last  year. 

Work  on  this  building  is  being  rapidly  pushed,  with  the  intention  of 
getting  the  iron  roof  fnuue  ou  the  buildiug,  and  of  completing  the  roof 
before  Deeeniher  1,  1S8I,  in  order  to  protect  the  valuai>h'  titiiher-work 
of  the  tioors  from  the  weather  during  the  winter.  It  is  expected  that 
the  building  will  be  completed  and  ready  for  use  by  July  1, 1885,  if  the 
apprui>riation  therefor  proves  sufficient. 

BXPAIBS  OP  BUILDI>'rTS,  IMPBOVE^CEKT  OF  r;  ROUNDS,  AND  GBNBBAL 

CARE  AUD  PBESEEYATION. 

The  work  done  under  the  head  of  repairs  and  care  and  preserration 
has  been  miunly:  ^ 

The  repairs  necessary  for  the  preserv^ation  of  the  extensive  dain^, 
gates,  and  machinery  i)ertaioiug  to  the  water-power  and  the  trausmi.H- 
sion  machinery. 

Some  ratherexpensive  and  absolutely  necessary  repairs  to  the  Arsen^d 
railroad. 
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8ucli  repairs  as  were  absolutely  and  immetliately  necessary  for  ther 
preBervation  of  baildings  a.s  far  as  the  anionut  of  the  appropriation  would 
permit. 

Neeessnry  rei>airs  of  the  britlpes  to  R<K  k  laland  and  Moh'iie. 

The  eare  and  preservntinu  of  the  extensive  grounds  and  rnads. 

The  substitution  of  an  iron  hood  for  the  temporary  wtKwleu  one  on 
the  Arsenal  for^ng  shop  and  foundry  (Shop  E),  in  compliance  with  the 
verbal  iDStnietioiis  of  the  Chief  of  Ordnance,  dnring  his  last  visit  to 
this  Arsonal.  Tliis  hood  has  a  total  length  of  Tfin  feet,  is  15  feet  Mde^ 
and  the  walls  i=i  fi  ct  hi;;h.  The  frame  is  of  wrought  irOD,  and  its  roof 
galvanized  and  corrugated  sheet-iron. 

When  the  boilding  was  completed  in  1673,  the  appropriation  being 
insnincienty  the  side  walls  were  constructed  of  wood.  This  wootl-work 
has  Tiow  been  removed,  tlie  side  walls  made  of  galvaniz«'d  and  corni- 
giited  iron  in  panels  placed  between  pilasters  5  feet  apait,  in  all  re- 
spects like  the  hood  oi  the  rolling-mill  armoryj  Shop  F.  The  change 
has  not  only  made  the  constmctiou  permanent  in  aeoordanoe  with  the- 
original  plan,  bnt  also  adds  mneh  to  the  good  appearance  of  the  bnild- 
ing. 

The  principal  work  dune  uuder  the  head  of  improvement  of  grounds- 
has  been  as  follows : 

The  work  of  grading  of  ground,  constmctiou  of  streets,  laying  walks^ 
and  planting  trees  around  newly  finished  buildings,  has  been  continoed. 

Tlic  (liteliiiig  of  the  low  swjHHp  lands  of  theislirtd  (ras  }>ccm  cotif  inued. 

The  Houth  shore  of  the  island,  fi*oni  a  point  about  l,ooo  l(  i  t  Ih  Iou  the 
water-power  dam  down  to  near  the  powder  magazine,  a  distance  oi  nearly 
three-fbnrths  of  a  mile,  has  been  riprapped  to  prevent  washing  away.^ 
During  the  extreme  high  water  of  the  last  three  years  the  water  has  oome 
up  to  the  overlvinir  soft  loam  of  the  island,  and  waves  caused  by  sonth 
winds  acro«s  the  water,  which  is  wide  at  a  high  iiitage,  was  rapidly  cutting 
away  the  shore.  The  greater  part  ol"  the  stone  for  the  work  was  hauled 
from  a  damp  made  from  the  late  excavations  in  the  water-power  eanaly 
near  its  west  end,  and  was  hauled  over  mainly  on  ice  by  enlisted 
men,  with  the  (rovernment  tcan!s  darin;;  the  winter,  when  otlier  work 
was  hlack.  A  portion  of  the  stone  was  taken  from  a  rock  cut,  made  iu 
building  West  avenue,  which  is  described,  just  below. 

The  principal  item  of  work  under  this  head  has  been  the  oonstnictloD 
of  West  avenue  from  South  avenue  southward  to  the  south  shore  of  the 
island.    (See  Plate  II.) 

From  tiie  site  of  the  new  Storehouse  A,  the  grouiul  slopes  suddenly 
southward  down  to  a  low  swamp,  subject  to  harmless  overflows  during 
iVesbets.  This  swamp  terminates  in  a  steep  rise  to  the  rock  platean  at 
the  site  of  the  laboratory  yard.  I  commenced  a  fill  across  this  swamp 
with  a  portion  of  the  excavations  from  Shop  A,  in  1873  and  1871.  This 
fill  has  been  completed  duriug  the  year  w  ith  the  excavations  from  the^ 
basement  of  the  Storehouse  A,  and  with  the  cuttings  from  the  rock  cut 
made  through  the  plateau  near  the  laboratory  yard.  This  cut  was  re- 
quired in  order  to  ostnhlish  n  snitable  grade  for  West  avenue.  This  fill 
is  WO  teet  long,  1^30  teet  wide  on  top.  and  11  feet  deep  at  its  deepest 
part  (Hce  cross-section  on  PlaUi  II),  and  contains  iu  all  about  30,000 
cubic  yaids.  Its  sides  are  smoothly  riprapped  with  rock,  as  shown  oiv 
the  drawing. 

Theroadway  of  theavennewnsthon  constrnctedou  the  fill  and  througb 
the  cut  down  to  the  river,  with  substantial  '^tnnf  irutterson  both  sides. 
This  avenue  is  an  important  one  as  it  is  the  road  between  the  shops,  tht> 
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laboratories,  and  majxnzines,  and  has  btniu  well  cou^traoted.  A  pioliie 
of  the  road  way  ii^  also  giveu  ou  the  drawing. 

The  fill  at  the  ddes  of  the  avenoe,  each  50  feet  wide  from  the  aTennc^ 
to  the  marginaof  the  All  and  cat,  were  covered  and  handsomely  graded 
with  loam  saved  frr>n>  f^vciiviitions  and  ricli  earth  hauled  from  thf* 
ditches  in  the  bwauips,  ami  nodded.  No  tree8  are  planted  ou  the  grouua 
thus  made,  except  along  the  margins  of  the  fill  and  cut,  in  order  to  leave 
a  view  open  from  the  railroads  and  growing  dty  on  the  mainland,  to  a 
portion  of  the  shops. 

This  is,  I  be1i'('v«',  the  best  improvement,  in  Hitv^^'f"'^^'***^-  niade  on  the 
island.  Its  ^o(>d  ellect  is  utii)roved  by  leaving,'  out  trees  among  surround- 
ings where  we  have,  I  think,  too  many  trees. 

A  walk  has  been  bnilt,  as  shown  on  the  drawing,  from  the  shops  to 
the  hiboratorj  yard.  It  is  oonstracted  of  beton,  as  described  in  ray  last 
annual  report.  So  fiir  as  I  can  judge  now,  this  w  alk  will  prove  as  dura- 
ble as  the  best  flag-stone  walkn.  Its  first  cost  is  only  70  i>er  cent,  that 
of  stone }  it  costs  nothing  for  care  and  pi^servation,  is  much  hauilsomer, 
and  better  also  if  it  will  last. 

In  connection  with  all  of  the  above  work,  a  site  for  laboratories  haa 
{Traded,  elm  trees  ]>1;itUtMl  bcmeen  the  proposed  sites  ff)r  the  biiildinjrHv 
to  j»n)tect  them  trom  r  ich  other  in  case  of  lire  or  exploisioiis,  and  Uie 
grounds  inclosed  wiih  a  fence.  The  grading  was  difficult,  as  many  high 
points  of  rock  had  to  be  blasted  off;  and  mnch  earth  hanled  in  for  grad- 
ing.  Holes  had  also  to  be  blasted  out  for  planting  the  trees. 

A  permanent  r;iilroad  siding  has  also  been  bnilt  from  the  main  track 
as  tar  as  Storehouse  A.  This  is  part  of  a  track  tl)e  whole  of  which  is 
shown  on  l^late  1.  A  considerable  embankment  wais  required,  and  it  is 
hoilt  entirely  of  rook  and  handsomely  riprapped. 

I  feel  it  my  duty  to  inrite  the  attention  of  the  Chief  of  Ordnance  to 
the  fact  that  tho  Mppr-fipri-ition  allowed  for  this  class  or\vf>T  k  for  several 
vt-ars  past  hais  l>et'ji  luncii  less  than  it  ought  to  be.  The  ultii«>st  that  is 
possible  has  been  done  to  economize.  It  is  nearly  impossible  that 
some  improvement  of  groands  should  not  be  earned  on  in  conneetioD 
with  the  oonstruotiou  of  buildings  in  oriler  to  utibze  materials  ezoavatod^ 
finish  grounds  around  the  buildings,  and  furnish  needed  improv^ements 
for  nse  in  carrying  on  other  work.  lU^ides  this  the  bnil  linjjfs,  ruiwls, 
and  other  improvements  are  now  of  such  magnitude  that  they  re(]nire 
Ihlly  ten  times  as  mnch  i^r  their  proper  oare  and  preservation  as  th^ 
did  thirt^n  years  ago,  at  which  time  the  appropriation  for  this  woKk 
was  double  that  which  hu<  been  allow<*f1  in  the  past  few  years. 

I  know  of  no  better  method  of  exhibiting  this  thnn  by  comparison. 
The  extent  of  the  work  that  ought  to  be  done  to  keep  m  good  order  and 
lepair  streets,  avennes,  grounds,  large  bridges,  shores  of  the  island, 
railroads,  gutters,  walks,  sewers,  water- works,  and  the  dams  ami  gaU's, 
and  other  constrnefions  pertaining  to  the  wMtfi'  power,  is  equal  to  the 
work  of  a  similar  kind  done  in  a  city  of  1U,UUU  inhabilantn.  In  additiou 
to  this,  the  buildings  and  many  other  constructions  taken  care  of  by 
private  owners  in  a  city,  most  be  k^iit  in  repair.  I  estimate  that  f9,00O 
ought  to  be  ex]>ended  in  the  coming  year  in  repainting  buildings  and 
bridges  alone,  for  their  proper  preservation. 

« 

MACHIHEKY  AND  SHOP  FIXTURES. 

The  principal  items  of  work  nnder  this  head  has  been  the  mamifhet- 

nre  of  shaftinj:  and  other  tixtures  for  Shop  (i  ;  the  manufacture  of  new 
hangers  and  boxes,  of  the  pattern  described  iu  my  report  of  1874,  for 
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Shop  C  ;  the  forging  of  heavy  shafting  for  water-power  machinery,  tlie 
ooDstruotion  of  a  60-toti  traok  scales  in  the  railroad  track,  aod  the  ad- 
ilition  of  a  few  machines  required  for  immediate  use  in  the  shops.  The 
prinniKil  <»f'  these  IS  a  large  sized  band  resawmg  machine  for  the  wood- 
working shop. 

In  my  last  report  a  description  was  given  of  some  nnprovemeuts  in 
the  Aztnres  of  the  rolling-mill  for  aooomplishing  more  ecsonomioal  work^ 
and  these  have  been  used  with  good  snccess  danng  the  past  year. 

1  won1<1  ;ilso  report  rh:it  :i  serious  matter  in  riiTiTn'Tii:  tht^  nii]!  Ik  loto- 
fort'  Iciis  iK'tMi  tlie  euipiu.vuieiit  of  skilled  mill  men.  l  liese  mvu  chur^tMl 
extort ionute  prices,  could  not  be  properly  controlled,  and  gave  much 
trouble.  I  soooeeaed  last  winter  in  getting  along  without  theou  A 
party  of  workmen,  generally  helperSf  were  taken  fi*om  the  rejj^ular  force 
of  arsenal  emj>](>y/'s,  and  carefully  and  slowly  trained  to  do  tlio  work. 
They  were  men  who  wouhl  otherwise  have  been  thrown  out  of  cMijdoy- 
ment  during  the  winter,  and  the  labor  was  valuable  to  them.  A  Having 
was  eftected  on  former  prices  of  about  40  per  cent,  on  blooming,  and 
2ii  per  cent,  on  rolling. 

JS'o  comparison  can  be  made  on  heavy  lorgings,  as  none  of  tfieso  had 
been  made  before.  They  had  been  purchased  at  from  7^  to  9.^  cents 
per  pound.  Those  made  last  winter  cost  aboat  3.9  cents  after  the  men 
had  been  traine<l,  allowing'  'j  of  a  cent  for  the  scrap.  This  last  work 
was  however  valuable  in  providing:  IVn  ilitii  s  for  furnishing  heavy  forg- 
ings  sbonld  they  ever  be  reqnired  by  the  Department. 

The  work  done  was  as  follows : 


Pound  A. 

Blooma  moAii  frolu  poor«or»p  STf). -IHO 

Bftr-irou  rolled   147,085 

JlhiiftiTiR  rolled.  3i  fiiph    8({.f^e9 

Shaft        for-.  .!.   'JO,  128 

j^hafttug  forged,  7^  iucU   10,47'^ 

Shafting  forgisd,  ^iuch   9.  SflS 


In  thin  connection  I  would  in>  it»'  tlie  attention  of  the  nepartnioTit  to 
the  facilities  which  the  Arsenal  iias  in  steum-bammers,  heavy  press 
punches  and  shears,  and  good  forging  and  machine-shoj)  appliances  for 
sach  heavy  work  as  the  mannfkctore  of  iron  or  steel  fieid-carriages. 

BOOK  IBLAUD  bridob. 

I  append  liorefo  (Appendix  B)  a  statement  of  the  traffic  by  the  pab- 
lie  on  the  bridge  during  the  year. 

The  only  repairs  of  the  bridge  during  the  year  other  than  those  nec- 
essary for  ordinaiy  care  and  preservation  were  some  extensive  repairs 

of  tlie  timber-crib  of  the  draw-pier,  some  improved  machinery  for  the 
connections  between  the  raih-oad  deck  and  the  adjoining  spans,  the 
purchase  ot  lumber  for  renewing  roatlways,  and  a  new  coat  of  macadam, 
9  inches  dee)i,  ou  HOO  feet  of  Fdrt  Armstrong  avenue.  The  traffic  of 
heavy  teams  on  the  bridge  has  become  so  great  as  to  require  a  renewal 
of  the  macadam  on  the  avefine  about  once  in  two  years,  and  of  the  oak 
floors  ot  the  wagou-road  ou  the  bridge  about  once  iu  four  years. 


Digitized  by  Google 


B£POBT  OF  THE  CHIEF  OF  ORDNANCE. 


85 


WATEB-POWEB. 


The  work  dooe  oa  m  water-power  doring  ttie  year  in  carrying  a 
special  contract  made  with  the  MoUne  Water  Power  Company  in  1882, 

has  been  as  follows :  .  ,  •         .  ^ 

Thf  new  (lam  for  tin-  use  of  the  Moliue  Company,  with  iron  gates  and 
fixturet*.  Uaa  been  coiuulet^d  in  accordance  with  the  oontract. 

The  deepening  of  the  canal  for  the  use  of  the  Mohne  Oompany  has 
heeo  completed  in  aooordance  with  the  contract.  ,   «  ..u 

A  large  amount  of  work  has  br hmi  done  in  the  improvement  of  the 
water  powci-  pno\  specified  in  the  contraet,  including  the  excavation  of 
about  50,000  cubic  yards  of  rock  material,  the  extenrfon  of  the  wtng-dam 
as  required  in  the  oontaraet,  and  raising  ahont  one-half  mile  of  the  aam 
to  an  increased  height  of  3  to  8  feet.  ^  „  .  i.  i  

This  part  of  the  work  is  not  yet  finished  and  full  detail  report  01 
the  whole  wmk  is  deferred  until  its  final  eompletion. 

Note.— Work  lu  the  pool  was  retiumed  in  Augiwt  this  year,  witn  a 
very  favorable  stage  of  water,  and  was  proaecntedadyantogeous  y  until 
the  18th  of  September,  when  a  freshet  in  the  upper  river  caused  a  rise 
to  nearly  extreme  high  water  here,  broke  the  dams,  flooded  the  work, 
and  has  qiven  much  trouble.  The  river  is  still  at  a  high  stage,  con - 
tiiiuoQH  heavy  rains  liave  caused  a  fresh  rise,  and  I  fear  it  may  oe  im- 
possible to  resume  the  work  this  season.  .    ,  t^t. 

D.  W.  FLAGLER, 

Lieuimant^Oolanel  qf  Ordnance,  Commanding. 


Rook  Island  Abbenal,  Illinois, 

October  8, 1884. 


Appekdix  B. 

Abairact  of  record  kept  at  ike  Soek  liUmd  Bridge  during  ^e  gear, 

PASSING  NOlMlf. 


£ugLQcs  with  ti'ftins....   ti, i»53 

Eoipnes  without  traiOB.....   569 


Ti»t»1  engioM   7,fi89 

Pasat;uger  cars   12, 340 

FtvifhtoMi  :  106,/e3 

Font  pa-^sengers  285,406 

Teatns.   176,267 

StoMttboato   1,381 

Bm«p»   74 

FASSOrO  SOUTB. 

K'.ijjines  with  trains  .-  ........  ....  7, 052 

Engines  tritbout  trains  •   &64 


Total  engiiMS   7,616 


PasHengerom   19,413 

F'rei^bt  cars   105,750 

Foot  paasengors  •   290,205 

TeMns..   178,54)0 

Steamboats   1,31)2 

BargeB   75 

Bafto   1,066 
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REPORT  OF  THE  PR  IXC  I  PAL  OPERATIONS  AT  TEE  UNITED  STATES 
FOWDER  DEPOT,  DOVER,  N.  J.,  DURING  THE  FISCAL  TEAM  SmMD 
JUNE  ao.  1684 

BY  MAJ.  J.  P.  FABLKY,  OKDNANCK  DKKAKTMKNT,  COMJtfAKDIfiii. 

(3  plates.) 

United  States  Pow  der  Dkfot, 

August  15, 1884. 

The  CuiEF  OF  OKD^;A^'OK,  U.  S.  A., 

WaBkin(ftanf  D,  0,: 

Sm:  In  order  to  present  in  aeonsecative  manner  the  operations  con- 
•daoted  at  this  post  duriug  the  fiscal  year  ending  June  '^n,  1884,  it  will 
be  necessary  to  eubracfi  the  work  done  daring  the  last  two  months  of 

the  previous  fiscal  year. 

My  predecessor's  report  closed  April  21, 1883,  and  the  following  state- 
ment exhibits  the  amount  of  ftinds  on  hand  at  that  date,  the  amoaot  of 

bailding  material  delivered  and  paid  for  ready  to  be  applied  in  the  con- 

efnu'tion  of  inajjazine  Ko.  'J,  nnt]  fin*  fntuls  roceived  since  that  date. 
Tlie  disposition  of  these  wupjilij  >s  and  funds  to  the  30thofJane,  1884,  is 
likewise  iudicatod  in  the  statement: 


H«3. 


Apr.  91.  Amonnt  tmsferred  by  my  predeoenor   |86,561  94 

Valn«>  of  ninterial  on  hand  for  cuostrnctiDg  magazine  No.  2  (iron, 

cement,  bricks.  &c.)  -   12,000  00 

'July  1.  Amount  spproprUtod  for  powdar  depot,  ftTAU»bto  after  July  1, 

1883    40,000  OU 

Amount  appropriated  for  ordnance  sorvicu,  available  after  July  1, 

IHB  i   1,000  00 

Totrt  raoetvecl  to  Jan*  30,  1884    78.561  94 

Jtffoi  ca^MMifld/VoM  .ijirU  21, 1883,  !• /MM  aO»  1684. 

JLuoont  ozpended  for  labor  on  mag»slne  Ko.  2  |6, 356  98 

Amonnt  e?:peinl»'<l  for  nnw  in.it«^rial  on  magazine  No.  2   10,734  63 

KftituaU'd  raiue  of  material  on  hand,  purchased  prior  to  April 
21 , 1883,  and  used  ttftor  that  date  tn  ooottniotloB  of  magasine 

No.  2     12,  000  00 

Amount  expeudtd  for  incidontalfl,  nia^.*  i  i»'  No.  2   4,71K)  26 

 133,861  17 

.Amoant  expended  for  labor  on  magazine  No.  3    5, 566  11 

Jkmonnt  ezpondod  lior  material  on  magasine  No.  3   503  14 

.Anoimt  ezpended  for  Ineidentals  on  magaiino  No.  3    909  40 

—   7.  061  Gi 
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JLmoant  expended  for  labor  on  ga»nl  and  engine-honie  f6,813  00 

Aiiiouut  expended  for  material  on  goard-bouse  *2, 442 

Amount  expended  for  lucidentalH  on  guiutl-boufle  ..............    l,f)20  00 

 $10,775  42 

Amount  expended  for  labor  ou  Htable   1,753  85 

Amount  expended  for  material  ou  stable   917  68 

Auonnt  expended  for  incidental*  on  etabla   48S  10 

  3, 106  63 

Amount  expended  for  general  repairn  of  buildings   943  50 

Amount  expended  for  inoidentabin  general xepwa  of  boildings.      155  10 

  1,098  GU 

vAmoant  expended  on  roads,  draina,  grounds,  fto   IS,  133  90 

Amount  expended  in  Incidentals  on  roads,  dialn%  grounds,  Ac . .   1, 9M  00 

 14,  l<7  y& 

*  1884. 

Jritic  'VI  Atiionnt  av:iilal)1r>  for  fiitun-  <'\iieiii!iitire|  and  on  deposit  witb  the 
a<MibtHut  treasurer  Unitod  State«  at  Mew  Vork   8,509  7S 

Total  accounted  for   78,501  2A 

Note.— ''Incident al"  expenditures  nndareaob  bead  is  a  pro  rata  distribution  of 

miscellaneous  expenses. 

HAaAZINS  NO.  2. 


W  »>rk  ou  this  building,  which  ha«  beou  compietoti  daring  the  [ni;>eiJt 
fiscal  year,  was  commenced  May  1,  18iS3,  at  or  above  the  water-table. 
Three  btmdred  and  ninety- one  thonsand  three  hundred  and  thirty  com- 
mon brick8,  20,045  hollow  brit^kn,  and  2,195  skew^backs  were  used  in 
the  building,  distribated  as  follows: 


Common  bricks: 

In  walls   :U0,  y:i(> 

In  wellB   ;>,  DfMt 

Jn  rioor  archeH  ,   74,5oi> 

Hollow  brickx  in  «•(  iliiiL:-  uroliOH      *2f),  04.% 

iSkt'W-backs  in  ceiling  arches   VJl> 


Five  hundred  and  twenty  two  sui>erticial  leet  stone  were  cut  and 
drossed  for  8t<'p.s,  sills,  Jlc.  Two  lnm'dred  an«!  scvpnty-six  barrels  ce^ 
nitMit  :nHl        banrls  liuje  \vei«*  ctjiisnrnod  in  inakinjj  niortar. 

Tlie  .stiuctuial  iron,  consisting  ol  I  and  cbaniitd  bL'anis,  tic-iods,  col- 
nmns,  roof-trasBes,  &c.)  was  fbmished  under  contract  by  the  Pauaie 
Rollinff-Mill  Company,  of  Paterson,  2^,  J. 

TIh'  two  fin»- proof  wrought  iron  doors  and  eijifht  ptn'rs  wronp^ht-iron 
fire-proof  shuttern,  with  fraiiies  complete,  were  furnished  under  eontrai-t 
by  the  Althause  Iron  Company,  of  New  York.  The  same  company  al«o 
fiimiBhed  the  corrugated  iron  roof  (12,369^  square  feet),  with  410  feet 
galvanized  iron  gutter,  99  feet  galvanized  iron  leader-pipe,  and  406  feet 
galvanized  iron  drip  i>ipe,  the  whole  liein;^  pliieed  on  tlie  mnp^azine  by 
this  company  and  painted  with  two  rontn  of  Prince's  metallic  j)aiut. 

This  method  of  rooting  was  reconjn»ended  by  my  predecessor,  as  weii 
as  by  the  Ordnance  B<Mutl,  and  approved  by  the  Department.  Two- 
tbonsand  fonr  hundred  feet  1 -inch-diameter  galvanised  iron  wire  rope^ 
with  hemp  center,  and  weighing  pounds  per  foot,  were  used  for  light- 
ning condnetors.  The  system  of  jirotection  and  method  of  attachment 
is  that  letionimended  in  the  rejiort  of  Marcii  L"J,  1882,  of  the  Board  ou 
Protection  of  Gunpowder  Magazines  from  Lightning,  (See  Annual 
Beport  of  Chief  of  Ordnance  for  1882,  pp.  627  to  530.) 

For  the  interior  wood  work  of  the  magazine  47,8^5  feet  of  lumber^ 
consisting  of  boards^  scantling,  and  joists,  were  used. 
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Referring  to  the  first  magazine  constructed  at  this  iK)st  my  prede- 
cessor says : 

From  experience  so  far,  and  from  estiniates  of  cost  of  different  plans  of  construc- 
tion, it  is  thought  best  to  reproduce  this  plan  in  all  respects  except  in  the  following 
minor  details,  viz:  to  have  no  cellar  room;  to  reduce  the  thickness  of  the  walls  by 
one  brick;  to  alter  the  construction  of  the  iron  doors  and  window-shutters,  and  ia 
placing  the  buildings  hereafter  to  incline  them  more  towards  the  north  and  south  line, 
to  get  greater  beneht  from  tlie  sun's  rays  on  the  west  side  in  the  winter.  It  is  thought 
that  these  changes,  together  with  the  greater  facilities  which  time  has  given  us,  will 
lessen  the  cost  of  the  next  magazine,  notwithstanding  the  increase  in  cost  of  labor 
and  material. 

« 

These  proposed  changes  have  all  been  realized  with  the  completion 
of  magazine  No.  2,  and  its  total  cost  has  not  exceeded  $44^C33.G6,  as 
against  $50,579.99  for  magazine  No.  1. 

With  the  development  of  our  quarries,  opening  of  roads,  avenues, 
and  improved  accommodations  for  workmen,  it  is  expected  that  the 
cost  of  magazine  No.  3  will  be  even  less  than  the  foregoing  figures. 

For  details  and  specifications  relating  to  magazine  construction  at 
this  post,  see  accompanying  paper  marked  A. 


GUARD  AND  ENGINE  HOUSE. 


This  building,  which  has  been  completed  at  a  total  cost  of  $10,775, 
is  intended  to  serve  many  useful  ])urp(>ses  at  this  post. 

The  plans  prepared  and  submitted  by  me  on  July  24,  1883,  are  on  file 
in  the  War  r)e|)artment. 

The  building  will  ultimately  be  use<l  as  a  post  guard  and  engine  house, 
and  for  that  reason  it  has  been  located  at  a  point  near  the  prin('i|)al  gates 
or  approaches  from  Dover  and  Mount  Hope.  For  the  time  being  it  will 
serve  as  a  general  headcpiarters  and»t«'mporary  office  at  the  powderdepot, 
also  as  the  steam  fire-engine  house. 

Work  on  this  buihling  was  foinmenced  about  the  middle  of  June,  1883, 
and  in  its  construction  3,800  cubic  feet  of  earth  were  excavated  to  form 
cellar,  and  2,400  cubic  feet  stone  masonry  laid  in  foundation  walls ;  4,500 
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«abie  foet  of  q^karried  stone  were  baoled  to  site  of  haildin^  for  snb- 

foundation ;  22,000  cubic  feet  of  eaiHi  were  removed  from  front  of  and 
aronnd  iMtildinir  for  grading  site;  2,061  superficial  f»'<»t  stone  wore  cut 
and  dressed  for  water- tabic,  belt,  window-sills,  copiug,  battlements,  and 
steps  J  68,150  common  bricks  and  18,600  preyed  bricks  were  laid  in  tlie 
walls,  reqniriD^  62  barrels  lime  aod  41  barcels  eement  for  mortar  for 
brick  and  8tooe  work.  A  tin  roof,  nieasuriug  1,000  square  feet,  togetber 
with  tho  iH'cf  ss;n  y  jxitttor  and  lead  pipes,  were  put  ou  the  buildiDg,  and' 
til e  whole  painled  with  two  coats  of  uietallic  paint. 

For  better  uuiler8taudiug  at  tbe  general  plan  and  details  reference 
can  be  bad  to  tbe  drawingrs  before  referred  to  as  bein^  on  file  in  tbe 
War  Department,  and  to  the  bills  of  material  and  esamate  of  labor 
hereto  appended,  and  marked  B. 

BABN  A  WD  STABLE. 

This  building  was  counnenceil  April  1*1,  iss  j,  in  aecordtnico  with  i)laTm 
prepared  and  submitted  by  me  January  12,  1884,  and  now  on  liie  in  tbe 
war  Department  It  is  estimated  that  its  eost  will  not  ezooed  $10,700, 
and  that  it  wiD  be  ready  for  oecnpation  by  tbe  Arst  of  November  of  the 

present  year. 

It  covers  a  large  area  of  grounil,  and  will  meet  all  the  reqairemeuts 
of  the  post. 

Provision  is  made  for  a  hay'loft  in  which  to  store  the  annnal  crop  of 
bay,  and  is  so  plaeed  as  to  be  removed  from  the  animals  for  its  better 

preservation. 

A  mnch  needed -storeroom  for  agricultural  tools  and  iniplemeuts,  to- 
gether witli  carriage,  harness,  and  feed  rooms,  are  provided. 

A  large  southeast  court  or  stable  yard,  with  open  sheds  for  carts  and 
wagons,  is  plaeed  to  good  advantage,  whilst  adequate  aoeommodations 
for  the  maximnm  namber  of  animals  are  provided  in  the  wing  of  the 
building. 

For  better  understanding  of  the  ;:enenil  phm  and  details  l  efereuce 
can  be  had  to  tlie  drawings  before  referred  to  as  being  ou  hie  in  the 
War  Department,  and  to  the  bills  of  material  and  estimate  of  labor 
hereto  appended  and  niarked  B. 

The  amount  of  work  done  on  tlie  bam  and  stable  to  Jane  30, 1884,  is 
as  follows: 


Ditch,  2  feet  bjF  2  feet  6  inches,  dng  and  lined  with  etone  lineal  feet..  260 

Earth  excsTatra  and  remoyed  ikoDi  foaudation......  onbio  feet..  8,400 

Mortar  III asoi) I  V  biiih  in  foandation...  do  4,580 

Stono  cut  for  window  Hills   •  square  feet..  )£34 

Stow  cat  for  pior  cops  ....a.  «•■««.         .•*...•»•.«•••■>..  «..• ....  ....do..  •  •  108 

Stone  oat  for  belt  do....  808 


Ten  barrels  cement  and  30  barrels  lime  were  used  in  mixing  mortar 
mawin  \  foundation ;  4,580  cubic  ffct  stone  were  carted  from  qnany, 
■and  liH>,ooo  briuks  from  I^ort  i  )ram  to  building  site,  to  be  ased  in  its 
•construction. 

AVENUES,  ROADS,  AND  ailOUNBS. 
MOUNT  HOPK  A  V  UN  UK. 

In  accordance  with  plans  prepared  and  anbmitted  by  nic  June  23, 
1883,  and  on  file  in  the  W:ir  n<'p!U  tiiHMit,  the  work  of  biiildinj;  aii(l 
gradinff  a  nmin  avcinu'  foii  wl-.ich  will  b«>  located  many  of  (heacc«88ory 
buildings  at  thia  post)  ha^  been  rapidly  advanced  during  the  past  three 
months.  Tbe  old  oonnty  road  or  i)ublie  tboronghfitre  is  ver.\  in-egular 
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in  its  fonrse  htmI  ffrad**,  Init  by  joinin^r  i^s  terminal  points  and  nusillg 
Ike  iuHlgr  at  the  brook  a  tine  avtMiUc  will  Ik-  developed. 

During  tbe  present  fiscal  year  tbe  t'oUowiiig  work  has  been  done  on 
IMs  avenae:  13$,600  cnbio  feet  of  earth  and  atone  exeavated  and  nsed 
for  grading  and  filling ;  1|896  caliio  feet  mortar  mason l  y  and  340  enbio 
feet  dxy  maeoniy  for  bridge  piecs,  GnlyertSi       have  been  boilt 


In  accordance  with  plans  submitted  January^  1884,  and  approved, 
this  new  avenae  has  been  commenced.  This,  together  with  Mount 
Hope  avenae,  will  conatitote  the  two  axes  of  reference  in  the  location 
and  construction  of  all  new  accessory  buildings.  The  two  avenues  iu- 
ter^f'cA  at  ri^'lit  anpfles  at  the  nortlieast  corner  of  the  pfiiard-hoose. 
Mount  Pleasant  avenue,  starting  at  the  main  or  Dovei'  entrance,  is  to 
be  carried  to  the  upper  end  of  the  magazine  sites — that  is,  to  the  lake  or 
water-power  dam.  In  time  permanent  workshopa  will  be  located  at 
this  point,  to  replace  the  temporary  hnildings  now  in  use. 

The  avenup.  wlimi  completed,  will  be  60  feet  Iti  width,  with  8i(^e\valks 
and  shade  tit  i  s,  Un-  a  length  of  5,4d3  feet,  being  similar  in  all  respects 
to  Mount  lloj)c  avenue. 

It  is  Atrther  contemplated  to  baild  a  good  drive^way  from  tbe  termi* 
noB  of  Mount  Pleasant  avenue  aroand  the  lake  (and  leading  to  the« 
stone-qnarries).  a  distance  nt  two  miles. 

The  following  work  has  been  done  during  tJie  tiscal  year  on  tliis  ave- 
nue :  54.000  cubic  feet  earth  excavated  and  used  tor  grading  and  iiiiing 
foad-bed;  4,100  eabic  feet  dry  masonry  and  426  cable  feet  mortar 
masonry  boilt  for  bridges,  cnlverts,  and  side  walls. 


At  tlie  main  or  Dover  entrance  we  strike  the  Mount  Pleasant  road, 
which  leads  to  Dover  and  to  the  frei*:fht  <leiM)t  at  Port  Oram.  It  has 
beeu  necessary  during  the  past  year  to  expend  much  labor  on  this  road, 
and  at  a  point  700  feet  firom  the  Union  turnpike,  and  one  and  a  qaar- 
ter  miles  from  the  powder  depot,  to  leave  tbe  old  road  and  cross  tlie 
ravine  and  stream  by  a  sh'H-t  cut,  thereby  aToiding  a  steep  ascent  and 
descent  over  the  intervening^  ridjje. 

The  following  work  ou  this  road  has  been  done  dunug  the  fiscal 
year:  162,300  eabic  feet  earth  and  stone  exoavated  and  used  Hot  filling 
and  grading  roiU  bed ;  2,020  cubic  fbet  mortar  masonry  built  In  bridge 
piera*  and  20,420  cubic  feet  dry  masoniy  built  in  side  walls  of  road. 


In  breaking  down,  cnltivatiug  and  improving  the  land,  the  following 
crop  has  been  harvested: 


ifotnrr  njcASAKT  Avmm. 


MOUNT  ri^ASAXT  ROAD. 


flttOUNDS. 


Hay  (  lit,  stacked,  and  stored 

OatM  (16  acres)  

Back  wheat  (10  acrea)  

Good  com  

Soft  and  moldy  oom  

Valae  of  rrop.  nbout  

C<Mt  of  labor,  dtc  ...... 


bushels..  530 

bushels..  134 

bushels..  600 

bmheUi..  451 


tons..  61 


$1,500 

1,000 


Gain 


600 


Nnmbf r  of  piiblif  animuls  foia;if(l  (or  thr  year: 


Horses 
M  ules 


4 
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DBAIH8. 

I 
I 

Thiee  handred  and  fifty  lineal  feet  of  ditoh  and  drain  were  dag, 
reqairing  the  excavation  of  1G,300  cubic  feet  of  earth ;  6,680  cnbio  feet 
of  dry  masoniy  were  bailt  in  the  side  walls. 

RAILKOAD. 

Active  ineasuivs  liave  been  tnlum  dnriii^f  the  past  year  tcKk'vclop  the 
intention  of  the  Fhiiadelphia  and  lieadiug  i^ilroail  (Jotupauy,  thiti)  road 
having  at-quii-ed  control  of  the  Central  ]roilroad  of  New  Jersey^in  the 
matter  of  coDstructiug  a  branoh  road  ftom  the  main  line  to  the  united 
States  Powder  Depot. 

It  appears,  however,  that  bnt  little  dependence  can  be  placed  upon  a 
private  enterprise  of  this  kind,  where  the  returns  will  not  justify  the 
ontiay  |  and,  nnfiirtanately  for  n$,  the  reasons  whieh  indneed  the  Oen- 
tral  Railroad  Company  of  New  Jersey  to  accept  the  right  of  way  through 
the  Powder  Depot  traet  no  longer  exist. 

In  a  letter  dated  September  22,  18S2,  H.  S.  Little,  president  Central 
Kailroad  Company  of  2»iew  Jersey,  waives  all  right  the  company  may 
have  acquired  by  the  act  of  Congress  approved  July  31, 1882,  published 
in  General  Orders  No.  110,  Adjutant-General's  Office,  of  that  year. 

The  importance  and  necessity  of  having  a  branch  railroad  from  Poi*t 
Oram  (the  jnuction  of  the  Delaware,  Lackawanna  .md  Western  Kail- 
road  and  Central  Railroad  ot  New  Jersey)  to  the  United  States  Powder 
Depot,  a  distance  of  3  miles,  is  so  evident,  that  I  aiu  satisfied  the  De- 
partment will  secure  the  necessary  legislation  for  this  purpose  when 
the  oonstmctioti  of  this  post  has  sufficiently  far  advanced. 

K8TIMATK. 

» 

My  annual  estimate  accompanies  this  report* 

KesijectfuUy  submitted. 

J.  P.  FARLEY, 
Major  of  Ordnance,  OommafMitft^. 


A. 

DMIAILS  OFMAQAZINB  aOSSTRUaXtOX  AT  XHS  UITITMD  STAtBS  FOWDEB  MPOT, 

i 

1.  APPUCATIOK  of  KMI  IHICAE.  KORMUL^. 

2.  BiLi,  opiBON  wrrii  kkmakka  thkbeon. 

3.  Sl'BCIPICATIOVB  PfiH  i  .AI.V  A«»l7,Kn-IROS  HOOK. 

4.  Bill  of  l!  miiek. 

5.  Bill  OK  HT»)>K,  JUUCkS.  I  IMK.  AJfn  rKMKKT. 

6.  VBIlTli  Af.  MK.I8UllKMK^(r^  n]  MAi: A/INK  Mi.  2. 

7.  fiOBI205TAL  UJU»UBKMR.Vr8  OP  MAOAZIXK  XOB.  S  AJiO  9. 

S.  nncunioii  or  uoBxxni<»>BoiM. 
BMpeotfuIly  •ubmitted. 

J.  p.  PAELEY, 


1.  jSpplicaUon  0/  empirical /i>rmulat, 
(From  Tratttwioe    Gamegie^a  tablM.) 

The  weight  of  bniUUng  and  oontents  not  to  ezoaed  6,000  ponnda  per  aqnare  foot, 
on  foandation  and  piers. 


Digitized  by  Google 


BEPORT  OF  THB  CBIBP  OF  OBDNANCE.  93 

Th<»  maximnin  loail  on  floor  b«';iiii«.  l«M)<;f1i  Ix'twopn  supports  lOftut,  will  iio(«X> 

ce«(l  Xif'ilii  puuuds,  about  410  poutidi)  i*»;r  »«{iimtj  loot,  m  lolluvv^ : 

Ponnds. 

P<v\vc!<T  in  barrels  (s^^ven  tiers:  probably  n  ill  wat  rxcf^'d  r,',P7r.  poundB)  28,000 

Solid  brick  arch   4,  700 

Floor  jota*   :>12 

Flooring  ,   a60 

Total   33,674 

rA«  IfL^indt  wromght-ironjtocr  team. 

L  =10  feet 
**=12".25 

(See  Fig.  2»  Plate  II.) 

S  Cent,  r  breaking  )4"-79xia:^  X 85002    ".16R X  iSSJ9  X 8600 X9 

J       weight       5=  10  -  -  10  -:iOd  =  r.2l92 

log  4.79   =  .6803:i6  log  2.155  =  .333447 

log  12.25'  =2.176272  log  10.d75»  =  2.0728(50 

log  «00.  ^3.397940  log  8900.  =3.307940 

6.854648  log        8=  .901030 

log  10=1  6.106277 

5.864648=179700  log       10  =.1 

6.10607  =  187400 

171)700  -  l  -r  JOO  =  52300 
52:500  —  20r     —  rm92 

Center  broakiag  weight  =52192 
Distributed  breaking  weigbt=  104384 

Factor  of  enftty  _3^^ 

Tlie  fuct<)r  of  safety  is  bartid  upon     marimuin  Idnd  of  powd<'r  and  barrels,  28,000 
pooodA.   The  coDtemplated  load  of  powder  for  storage  of  10,000  barreU  in  eAoh  Qiag- 
will  probably  not  etzoeed  19,875  ponnda. 

D^fhotkm    12.26-litcA  trroM^A<<^roa  2>mi»  %nimr  tMOidmNin  (ood. 


Aleo  by  Trantwiae^ 


lo'x 33572  max.  load  ,3 
rox  18.86X37880  Mfe  load 


^X33578X(10X12)'  yg, 
86000000X871 


log  .013  =  2.113943 
log  38678    =  4.5^)076 

log  isjjp     =  6.237543  * 

8.87748B 

26000000=7.414973 
log  271  =2.432969 

9.847942 

~  =".107 

1.08962O 
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The  moment  cf  iDertla  (neutral  exie  perpeodienler  to  ireb)=S71 

rf,v  bh^  b' h'""  4.TJ  X  (8.155)  X2XClO.»75)»--r, 
^^f''     12  "  W  IS  -=*»7l 

(See  Fig.  2,  Pl»t«  II.) 


I  ! 


I 

I 


log  4.79  =  .6du;i36 
log  =3.964408 

3.944744 

log  12  sst.mm 

2.8655«a=73a.7 
log  2.155  =  333447 
log  10.  W^^'^S.  101)290 
Jog     SJ      —  M01030 

:{.74:}7t;7 

log  =:l.07'.»lrsl 


'^.6a45tiG=461.»=s:271 
WOOD  FLOOR  JOUT. 


Length  between  eapportasS  liaetb 
IioedoiieMhjolet  ssSSaSpeiinde. 

Centre  breaking  weight  ~ ^^^?^^8b14400  poundik 

s 

Dietriboted  bieeking  weight  a  9  x  14400  ^  S8d00  ponade. 

28H00 

Factor  of  safety = "j^q" 


(B). 


4xe» 


erdelleotions  W.x (depth  ininchee)»x  .013  _.  3b36  x  (e  Xl2)»  x  .013 


mod.  elae.  x  mom.  of  inertia 


1600000  X  170 


.16 


4  X  8* 

luouieut  ot  inertia  =k170 


12 


log  3836  = 
log    96  a  = 

log  .  013  as 


log  ItkWOOO  =  6. 204120 
log  107      sS.  230449 


3» 683879 

5. 946813 
J.  113943 

7.644636 


8.  431509 


1.210066=«M6 
Wrmtffkt^nm  10.  S  inckm  cdlki§  httim. 


Length  betwe«u  Hupyorts      23* .  16 

Ws866  poanda 
ab  =    4".  5 
bh=  10".  5 
fe=  r.0095 

fg=  r 

See  Fig.  1,  Plate  IL 
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Center  b««»ldiig  wdght ^  x.  ^^{^ g-^^- '^"^-^^  ^^^^^ '^^-""i<:" 

log  4.5  s  .653213  log  2. 0625=::  .314394 

log  10.     » S.  042378  log    9*       1. 90i54i« 

log  S600.  =  3. 3IK940  log   2500.  =  3.      01 0 

  log   2      =  .301030 

0.0996:11^1940300   

6.  M1849s  895810 

1240300 835310 =404890 
404900- 

=  174b6  =  uentor  br«ukiug  weight. 
l>uitributed  breakiug  weight  =  17486  x  2  —  866  =  341U2. 


lN{fl00ffim/0r  a  lllffJU  10.5  Imdtm  beam, 

2^000000X173.6 

log  013  t=2. 

log  =3.921790 

log  (2:i  2  Xl2)'=7. 384007 

9.369740 

log  26000000=7.414973 
log  17&8  =3.940060 

  9.655^ 

1.714715 =.5184 

With  a  U|^t  mtch  of  liollow  brick  (€"  liutead  of  10"  briek)  the  weight  per  squai* 
te^MdiiiOM  to  88  poiiiid0  X  S3i  X  8=6039  poiudtt :  alKiat  .4B  Mib  lood. 

on.  n  *•  *!.  ♦Q13X5952X(23.25X12)» 
ThodoAectioafhen^  SooOoOiBxTTO^  

log  .  013=39. 11394» 

•      lojr  r.%2  =  3. 774663 
log  279»  — 7.336812 

o.*>2r>  11^ 

log.  2000U000  X  173. 8  =  9. 

1. 5703a3=:."3718=ig^  ■pan  newly. 

GMMroN  MimMiit. 

Qofdon's  formal*  for  OMi-iroo  oolamna  giTes  (see  Fig*  1,  Plate  II). 

CraohiDg  weigbt^"^-*"'  ""'^^  x  80000^i2r.i?  x  ^^^gfo^ 

3200x(*l«Hiu.)«  3800^7* 


Digiiizixi  by  Google 


96 


KliPOBT  OF  TUli  CHIEF  OF  ORDNANCE. 


AfltniJ  W0ig]it  oo  eaeh  colainiis  9133  povndt. 
FMtorof  Mkret7=»'*^^^^»47oeftrl7. 

log  (1G4.4)'  =4.4:11804 

log  'mo  X    =  IIKKW  =  4. 2925ir)<j 

^  '  .13%48:=  1.379 

8.379 

12518  xmoo 

2.379 

log  12518=1.097533 
log  80000=4.903090 

C.(jU0623 
log  «.3?9=  376394 

5. 6^4221)  r^4-2(m50 

On  patjn  224,  Tniutwiue,  is  u  table  of  strength  of  cuNt-iroii  pillars,  showing  for  6 
inchei)  diutnet^r,  ^  iucU  thick,  and  14  feet  lung  (neur  oiioiigb)  a  breaking  loa<l  of  1C4 
t01MB2l>,8ii(l  ])i>iindH. 

"Till*  f'tKlMof  rl\t.  colnmnH  are  fixed,  and  with  the  load,  pomuls  t  !if  firf  or«»f  sa'.  f  \ 
ia  22.7.  Thifi  lactt>r  of  safety  coverH  defect**  in  quality  uf  luatcriai  ami  lu  workut;4u- 
sbip.  For  a  8niall  fasting  of  Hize  eaHy  towork  and  ocnpyinuan  unimportant  pusititto, 
factor  of  safety  =  3  would  be  ample ;  but  considering  the  danger  that  would  result 
from  weakneaa  in  any  onecolnnin,  and  the  difficulty  of  centering  and  of  drawing'  -jo 
long  a  core  from  a  thin  column,  as  well  an  of  detecting  defe<  tn  tliat  may  exiat,  tin-  f;ic- 
tor  of  ukfeiy  should  not  be  icM  than  22.7.  The  7'inoh  colotuu  with  a  faotor  of  oafety 
of  47,  bowover,  appean  to  better  proportfoo  fn  tht  laigo  area  anpporfeed. 

AftCR  TIB-BOM. 

Wt 

The  lateral  thxDeft  of  oeiliag  arch  per  lineal  fi>ot=(  COS  sSOeponnda. 

W  B  4  weight  of  lioeal  Ibot  of  aroh  s  198  pounce 

8=\  8pau  of  nroh  =  4' 

h  —  rise  of  arch  ~  '.83 

OS  »U<'4&< 

W    _  128 

*^2«uo -2  X. 2036418  ^^^^ 
X  4 

1 000  a  —  2     '  —  308 

306  ponuds  X  47  =  14476  pounds. 

With  6  rods,  ^h  rod  carrtee 

^^J'?=2412  pouuda 
Tenacity  f  rod  =  5000()  X  .441=38050. 
Faetor  of  eafety  =  «9.14. 

With  9  rods  (bexetofore  need}  fiMtor  of  safely  =  =^1^.1, 

^The  tie-ro<ls  for  c<  iling  arches*  ti«cure  rigidity  of  beams  while  the  aeveral  arches  are 
being  placed,  and  since  the  thrn8t«  n«Mitralize  eaeh  Other  when  ibe  arehea  ar«  all  in 
olampH  miu'lit  '»•'  'is«m1  ainl  f.ikt  ii  off  when  all  the  archofl  are  set.  * 
The  archos.  however,  ciiuutit  lie  trusted  to  neutralize  each  other  whenaetin  a  mair* 
azine.  nor  U  tli<-  end  wall  weighty  enoQgh  to  withstand  the  tlinist  of  the  end 
should  the  rods  be  omitted. 
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(See  8ection  ou  A-B  and  A'-B',  Plato  II.) 

Wlibont  tie-roda  or  abatments  the  moment  of  instability  with  iKfeieuce  to  th* 
npper  plane  of  water-tnMe  and  due  to  the  thnwt  of  the  end  aiobssSOB  X  47  X  153BB 
217140  1=  (moment  of  iiiHtaliility ). 

Th<'  ne(/(iiive  weight  of  air  Hpact>,  window  0pMe,  Mid  pui«il«  is  oAet  llJpoiitiT* 
w«dKbt  of  g»ble  end  aud  rooL   Ueuoe  the 

L.  A. 

Moment  of  atabilitv  s  100  x  47  x  15  x  2  x  1  141000. 

Thie  uramee  a  aolid  S>foot  wall,  15  feel  high  and  47  feet  long,  and  tho wa  inaeenrit j 
witboati^di  oralmtnienta, 


With  an  abntment  3  ftet  on  b«ae,S  ftet  thick,  cmdoally  tapering  to  a  height  of  U 
feet,  and  plaoed  at  interrala  of  12  feet  on  the  wau,  we  hare  eeotioo  im  A-B|  Plate  H. 

C  0|  eenter  of  gravi^  of  mnt'Oreh,  wboae  weight  ie  198  poundo— lever  acm  B-D 

A,  center  of  horiBontal  pievore— leTer  arm  0-E  s  6|". 

Area  of  sfctioiial  wall,  15' X 

Weight  per  lineal  foot  of  walls  100  X  30  =  30i>0. 

H  O  ~  eenter  of  gravity  of  sei^ooal  gravity  of  eeettonal  wall,  exelnding  gable loo^ 

windows,  &c. 
1  A  =  center  of  gravity  of  buttress. 
OAs  center  of  crravity  of  bnttrMs  and  section  wall. 

Battre88  2  feet  thick,  1*2  feet  apart. 

Weight  of  12  feet  length  of  wall  and  arch  (12»  X  3000)  X  12sS753a. 

Weight  of  12  feet  leu^^th  of  wall  and  arch  and  bnttreea 8=32796. 

Weight  centered  at  G  A  =  39736. 

Lever  arm  M  N  =  3.75. 

Xoment  of  st;iiiiiitv    =  :?973tj  x  3.7r.  =r  14'.»010. 

Horlsontal  thrust  at  O  X  12)  =  :i696. 

LeviiraniOM  s  W. 

Moment  of  inatabUitr  =s  86340. 

M^^^^^'^^^s  2.7  (nearly) 

Tie-rods  serve  better  purpo^  than  almtmeuts.  , 

ROOr  TJftlJM. 

(SeeFig.  l,Phitom.) 

Weight  per  aqnare  Ibotof  tmae,  oormgated  Iron,  wind  and  mow,  ia  taken  at  41432 

poands. 
Slope  of  roof,  about  30^. 

Total  lenpth  of  n>of,  205';  width  of  span.  47'. 1». 
Dijrt4»nfe  lietweeu  each  truHS,  10'  (except  ut  ends). 
Total  number  of  trnases,  19. 

Total  mean  length  or  middle  length  of  rafter,  28'.ti2. 

Weight  on  each  span  between  Btrut«=7'.2  X  10'  X  41.43  pounds  =  3000  pomads. 
TeciS  welght=2MI00  poonda  on  each  true. 

2  Ws  weight  of  rafter  and  loads24000  ponnda 

W  at  C  a  ISOOO  poonda 

iWatAandA's  eooOpoonda 

Is  AC  s  28'.82 

tms^y^  =12000 

•    2  BUI  :iu 

(sin  :M  =  6000 

sin  yu- 

I  cos  30^  =  thrust  on  middle  tie  06  =  12000  X  666  s  10392 
10400  pounds  (nearly) 

6191 
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Xlini  would  also  equai  the  thruat  on  tho  whole  t  ie,  if  no  struts  were  employ od. 
AotiiAl  Bttenxth  of  tied  rad  Q&  (l^*)  by  experiment  =  61360. 

Tho  pprppndtcular  and  |mrnllcl  components  of  the  3000  pounds  woij^ht  on  each  wc- 
tiou  ol  irtlt^r  between  Mtrnt8  =  :jo(.i0  cos  'AO'^  and  3000  cos  bO^,  reKjM^ctively.  = '2*500 
pounds  and  1500  pounds. 

The  strut  BG  carrten  r>200  pounds  nnt\  tniusfete  (hie  extra  straiu  to  rod  FG=:(lO400 
-f-5*200)  pounds,  and  5:^00  pouudu  to  rod  Ell. 

The  rod  FQ,  or  tecondexy  rad  tie,  being  double,       rod  la  nndar  atarain 

10400  +  5200     15G00  _  -u^n 
 8  ^-i  

The  teuacity  of  theiie  I"  roda  =  39270  pounds: 

M  =  ^•^^^=.6  (newly) 

Thc><irnt  DF  rarrie8260<t  poriixls.  ;in.1  fraiisr.rs  tbie  ezCn  etmla  tO  ZOd  FA  =  (lOlOO 
H-diiOO-f  2t>UU)  pounds,  and  2t>00  pound m  to  rod  FB. 
The  rod  FA,  or  "end  tie,''  being  double,  eaeh  rod  is  nnder  atniin 

10400+5200+2600  _  Hm)  _ 
The  tenftoity  of  thew  1^"  loda  =s 49701  pounds: 

The  rod  HC  is  •  eingle  •<  peak  tie^**  And  earriee  580O + 9G00  »  7800  pounds. 
Tensile  stiength  (F)  =  38270 

M  =  ^^  =  6  (nearly) 

The  eeeondary  ttmt  ttee  BR  and  BF  each  receire  a  strain  of  2600  pounds, 
l^naoity  off  tod  » 1S340. 

M  =  ^SS  =  «(n««rly) 
S600       ^  ^' 


Bailer  AC  la  a  atrnt  aa  well  aa  beam.  (See  Formnla  A.) 


Center  bieakins  weight =l-X^,]^^-i>(iiilM^X«0O) 

log      3  =  .477121  log    8X11=9.75^  .439333 

log      e*=!l.5o<«02  log     ri.092  ^1.413.t3r) 

log  8500  =  3.597940  log    2500  ==3.397940 

&.431S63  5.250709 
log  7.84  b  .869739  log    7.24  .^59739 

4.571624  =  37292  4.390970  s8460« 

37898—84608=:  I8600x8ss35380 


AotualloadaOOO. 
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Deflection  =         =  '^'^ 

or.  .125  X  ^^^  =  .037  with  actual  load 
ODw 

^013x2600 X  (7.24  X 12)* 


JlDIIMI»l«f 


log 

log 
log 
log 

Y»K 
log 

log 

log 


log  a 

log 


.013  = 

2.113943 

2t>0V  = 

3.414U7:{ 

7.S4  = 

7  39 

12  = 

1.079lc^l 

7.24  = 

.8.')l^739 

U=: 

l.O/IMrtl 

7.24  = 

W= 

1.079181 

7.345076 

6000000  s  7.414973 

83.6=1.3711)66 

8.786041 

!l.5G0635s. 03097 

The  moment  of  inertia,  98.7,  oomeo  from 

Sis  _2.2J^  ^  (5.09y»  ^  23  7 

19  ""12  12     '      12  ^ 

?  ^^'=54  log  9.TO«s  .439933 

log(6.<l9)»r=>.i2nirvi 

9.659487 
log  19=1.079181 

1.480306«80391 

54  —  30.881  =  23.779 

(8««  pceTlOQS  foimala,  C.) 

AS  A  ATBUT. 

^The  first  quarter  section  C  K  is  uiuler  compression  of  flic  wt-iKlit  at  the  peak  12000 
the 


ikotiDils  pluB'tfae  several  parallel  (to  rafter)  oomjionents  of  the  straiu  on  tie-rods  Une 
the  otruta  BG,  EH,  and  BF. 


VJOtW  4-  (x  +  y  +  a)  =  12000  +  4^00  =  16600 
The  uext  quarter  section  16500  -j- 1500  =  imOO 
The  next  «iuj»rfer  set  t ion  l-OffO  +  1500  =  19500 
The  nexi  quarter  section  19500  + 1500  =  81000 

CAXmOff^n  TABLK8. 

i.^2J9f  4  =s  7^84,  length  between  struts;  radios  gyration  neutral  axis  peipeu- 
^UealMT  to  web* 


fittomont  of  iuertia  _   /23.5     _  ,  r  =  2  46   

«^  Si  ••~9le''*-* 

^^meine  page  79,  gives  (for  2.9)  pin  (37310  -  170)  =  37140 ;  37140 poonda  sieaitfc* 
m^V^9q!a»*^       <^  «n»  S  37140  X  4. 1  =  isai70= total  xesistaDOe.- 
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Allow  for  atraia  aa  beam  aud  take  total  miistauce  at  132270. 


132270 
'«000 


!&3 


With  no  allowance  M  =  Iff^^^  =7.85 

Tlisosotar  breaking  weight  of  4-inch  purlins  (see  Formal*  A) 


8^  X  4«  X  2500    2(Th  X(3.46)«  xaSOO 


10        —  10 

log  2(1^^)=  .sum* 

logn.46«  =1.07;>6:JH 
log  2600  =3.397940 

4.794608 

log  10  :=  1 

X  794.502  =  fl83» 

90(H)  —  6230  =  2770 

Load  on  purlins  diBtribntod  will  n(»t  r»x-o«ed 

I0x2.5x41«l025j  M  =  gX2770g;5.4 

"  1025 

C()MPRES?*I<>N  ON  STRUTS. 


Main  strut  B  ii 


-^.^ — J 


L  !tf 


Areii 


^»00X«0.2S^ 


log.  4/r.  ^  .o'm^ 

log.  aOOUt'  =  4.9U3Ui)0 

5.53U79ssi340000 
log.  10000  b  4 

log.  «4«1U3^<)211 

&.3cfU2ll 
log.  3200=  3.S05l5t 

log.  so.25=  t.ao64as 

4.H11575 

"^566030 = 3.704  + 1 = 4.704 

:i4oaoo 

TTO4" 


6SM0 

OA»l/^s9".6 
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In  like  mauaer  for  struts  DF  and  EH  we  have : 

2.25  X  eoooo 


2500^ 
l^f 3200X6. 

24 

45000 

2000 


M  = 


==17 


The  strength  of  the  wronj^rlit-iron  l»«>;ts  nsert  is  shown  in  tli^*  fnllnwinjj  columns. 

The  Factor  of  Safety  in  caiculat«tl  upon  the  HUppotution  that  tlic  truuttveitH^  htraiu 
is  applied  at  a  dlatonoe  of  1  inch  from  the  rarface  entered,  the  bolti  being  eupported 
ftt  bol  one  end. 

yxgSOQ  X  .589  -r  4  =:  trenaTene  atrongth. 

BoUa,  wroughi-iron. 
<8ti«ia  one  inch  from  Mufko*  antned.) 


IMametor. 


2.. 
8  . 

a.. 

S: 

1.. 


Inehet. 


strain. 


Factor  of 
safety.' 


35,140 

\  1 ^IVJ 

4.6 

35M0 

157080 

full* 

4. 

120265 

7800 

3. 

3d34U 

157080 

\ 

4. 

sam 

120265 

7*00 

3. 

4416 

3»270 

2600 

1.8 

4410 

39270 

2i'<m 

1.4 

16)34 

22090 

2. 

lt(64 

:ft32 

2. 

1276 

'L 

808 

:276 

2. 

lom 

15.^40 

:540 

2. 

IMVt 

22C90 

:082 

2. 

I8«4 

220U0 

:9.T.> 

2. 

18UI 

2201)0 

:032 

•t 

232 

.Vi2a 

:ii6 

2I 

232 

552>< 

:ii6 

2. 

1060 

15iM0 

^•00 

% 

S6M0 

ltt40 

1 

LT 

•  Whwu  th»  siiMiu  M  tlUtrlbutcd  Uie  iwtual  factor  oi  satety  will  bo  doublu  tUo  factor  m  \mi  column. 

f  Doable  rod. 

t  Ai— m>d  Mraiii. 

&  Bill  of  i  HI II  for  II  III  It  ffashte  building. 
(From        \»K*X  it  <  iirtis.) 


Depth. 

Flan  ice. 

WeU. 

Poundii  ■ 
p«r  jud.| 

4.79 

135 

MS 

4.S 

.«76 

145 

ft 

& 

40 

4. 

2.25 

.18085 

18 

4 

2.25 

.1804 

IB 

1  Xtf 

.1406 

18 

Na 


is 

48 

38 

180 
U 

as 


I 


Um. 


24 
24 
•28 
t28 
M 
90 
10 


0 
0. 

11.09 
7.  SO 
.64 
Ol 
8. 


,  floor  beams.. 
{  CaWatbsaaM 

RaftvrM  , 

I  Boof^DtUaa 

l!i;iI!do!.*r"! 


Total 


Poundt. 
48,000 
41.080 

14,640 

22,3»4 
2,tt88 
1.  290 


>Top. 


I  BEAMS. 


11.  M 

1 

.875 

^7. 5 

Ml 

I-"" 

94 
M 


I  End  floor  beams 
I  BndfloUiBK 


2,800 

a;  MO 
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2,  Bill  of  iron  for  a  magasine  butidiHg — Coutmued. 
PLAT  BAB8. 


Sis*. 

Poandt 

No. 

> 

ft 

|by3 

181 

48 

0 

|hy2 

12i 

104 

1 

4 

iby  2i 

18} 

8 

lOi 

i  by  3 

15 

lOO 

8 

|by  7 

m 

1 

U 

0 

iby  3 

7i 

2| 

|b7l4 

H 

H 

I  Column  clamps  

I  Bt'Hni  nncburs   

Chiniu«-l-b««ain  olamps  

Bnnt     for  column  tit«y  an  flies  

('lit  to  pattoniA  for  38  peak  wpHces. 

Purlin  olaiiiy)H,  cut  to  p^tiUTiis*  

To  cooaeot  piii'lm  endH  


Total 


677 
4S 


ROUUD  BARS. 


(1.  Pot  foof-tnuw       with  cbA*  of  flofc  inm.) 


StanoteF* 

Ponnds 
per  yavd. 

No. 

Length. 

• 

Uao. 

Total 

II 

T  : 

li 

7.3 

H    f.  00 

2. 174 

1 

■s 

76 

8  fl.  or. 

1,78» 

1 

8 

38 

1«    7.  .V» 

1,685 

121 

18 

17  6.16 

1.350 

1 

76 

8   6  21 

660 

1 

7  11.<G 

396 

(a.  with  nnts  and  heada  aa  Stagra.) 


1 
1 


\ 

1 

138 

8  8  1 

8 

12 

7  01  1 

4.5 

2U0 

8   3  i 

6 

36 

6 

4 

1 

Floor-boam  tie-rods  

Knd  tlikor-beani  tio-roda  

Ceiling-benm  tic-rod* 

Jioof'ti-osa  atay»  

Itnd  nior'tniia  ataja  (wHfa  Jbot) 


3.036 
250 

2.475 
7M 


81m. 

PoundM 
per  yard. 

Xo. 

Leocth.  1 

24-2  by  i 

(60) 

im 

8 



• 

I 

20    .65  . 

Via. 


Total 


Pound*. 
136 
Mi 


TWO  ATTIC  WUTDOWS. 
(Ptamo^caatiron.) 


Pl»t««  

Anglea  

An{:lo8  

C5h«nn«l  

(ylianiii'I  

Hiujsea  

Thumb  aerow 


No. 


2 

4 

8 
•> 

4* 

4 
4 
S 


i".  471"  diameter  

_V'+l"X/8".  22i"  louK  

21Jlr)ni;  

1"  rl..«.p.  H"  flanffis.  ^"  web,  43"  long 
1"  d.  cp  i"  flaogo,  A"  ^nh,  SI"  long 

18"X2"Xi"  

V  dlMDOter,  8»  long  over  all  


Total 
wolghk 


125 
7.6 

f 

IS 

i 
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SI.  Bitt  itf  inm  fata  magazine  (ttiUftt^— ContlBlied. 

WfiOUOBT  IKOK  JBOLTS. 


2 

II 

2 

11 

1 
1 


Timgft,  iNonbor. 


10 


nana. 


112 
38 
'6ti 
98 
3t^ 
3K 
3* 
70 
8R 
60 
60 
4 
4 


16 
06 
1,672 
416 
44 
76 
16 


Anchor  pins   ............. 

ha^ii  niaiii  Htrnt  ..................... 

tiist  :>\Hlt  .,.•....,«,........... 

liuAf  tliinl  iitrut.. 
Shttv  

I't  ak  tio  ,  , 

I'up  ofnmiu  fltrut  

Tup  of  tint  sod  third  stroU  

Pmk  apUce  

Column  atay....  .... 

Ptiak  atay  

Sad  paak  atay  

Bad  rafter  atay  

Baaanan^ar  ..   

Channat  baaoa  clamp  

OalQaw  danpa  

Pnfia  clamp  to  rafter,  bavftod  haada 
Pnrlln  clamp  to  cad.  atraight  heada. . 

Purlin  bolta,  end  acction  

Shoe  dowela    , 

Orating  bolta  


Walgkt^ 


Pound*. 
20 
57i 

558 
339 

cot 

394 

lis 

188 
4S 
61 
21 

a 
• 

166 

M 
M 
96 

47 

180 
660 
4 


WBOUOHTUtON  WASHJiBS. 


Vvmbar. 

Weight 

Tbi¥«foarths. . 
(JD»^lulf  

76 
320 
60 

Pound*. 

13 
50 
4 

 ilo   

CAsmros. 


Siae. 


Attie  window  Ikaaa   2 

CoIiioMM   24  I 

CoIitmD  eapa...... ....... ..'  '-'4 

Kufteraba«a  .1  38  i 

Main  utratu    86 

8fcoodary  alrmla  1 16  I 

8bo«  wMbera   i  76  ■ 

fknitaMl  p««kiraahan....  804  ' 

...1  10  I 
...  10  [ 

-!  «l 


Dlametor,  49J"  :  d.  4*"  

Diameter.  7" :  L  13  ft.  8.4"  X  tllf» 

h  4"  X  14"  X  W  0"  

h  lOJ"  X  IS|"  X  W  12"  

L  »  6.90"  X  4k"+  X  4"  tb  

L  4*  6.46"  X  2{"  +  X  i"  th  

L7«  K  W6^"  X  li"tb  

L4"XW5i"  X  li  'tb  

Llt|"X  WSJ"  X  i"th  

L  I9»  X  W  4"  X  41"  th  

L  184"  X  W  H"  X  IJ"  th  

Ll8i"X  W12"  X  l"th  


WeiKhU 


150 
12.804 
1.272 
2.466 
8k  »M 

a,in 


RECAP1TULA.TION. 


t  b«aina   

fb«>*m*i  

Flat  \mrn  . . .... 

Rono<i  bur^. ... 

Hontul  b.trn  . . . 
An:;lo  ;it  ]wak  . 
A  {lie  w  imluwa. 

R.lti*  

WwUiera  


Number. 

Weighk 

Pound$. 

364 

130,  ^92 

8 

4,940 

1,515 

2.2«5 

310 

H.  015 

390 

6,579 

10 

626 

2 

177 

3. 400 

4,094 

462 

67 

680 

281114 

All  the  wei^tehara  Kivon  are  eatimated. 
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TWO  DOOMRAMBB. 

Inaide  uieuuremcDt,  4  feet  wide;  8  feet  maximam,  7  feet  8 inohes miuimaiu  height. 
Side  angle  tbree-eigiithe  inoh  iroo,  3  by  4  i&eliM;  7  feet  8  foolMa  bei^l. 
Iron  dom-ftmuMe  thiee-eiglith  ineh  thick  by  4  inehee  wide. 

TWO  DOOB9. 

2<inoh  iron,  one-half-inoh  thick,  covered  with  sheet-iron. 

SIGHT  wnn>ow-inuinn. 

Inside  measnrenient.  4  feet  wide;  7  feet  maximuni,  (>  feet  8  iuchps  ntinimam  height. 
Side  angle  three-eighths  inch  irons,  3  by  4  inches;  6  feet    inches  height. 

SIXTBDr  BBUTTBRS,  TWO  FOB  KiLCH  WDfDOW. 

Frame  S  by  i  inch  iion  ooTered  ootside  with  sheet  iron ;  inside  with  oenogated  iion  f 
two  bolts  and  one  on  bar  each  window. 

GALVAiriZJU>-IRO!f  ROOF. 

I*2,:3ii9}  Hqiiare  fert         aiii/.<  )l  iron,  mrnii^iited,  No.  20  gauge,  rooflng* 
410  fi't^t  •galvanized  iiuii,  No.  "JO  {^an<i»>,  yntU'r. 

feet  galvanized  iron,  No.  "^O  jjauge,  leader-pipe. 
406  feet  galvanised  iron,  No.  itti  gauge,  drip-pipe. 

UOHTMINO-BOD  ATTACUMXKTS. 


Cut-iron  plp««aiid  caps  

Clanipa  for  ridge  roU  (wnNl^t4MD}  

Aas-pipe : 

Crosses  or  double  tees  

Te^s  . 

Gilili-«l  pi.ints  

Wrt'ucht  ir(»u  »ti.»ii8  witli  tap  bolts  and  staples : 

For  attic  wintlow    

Fur  kft  Jaiub  of  duor  


Kember.l  Wefi^t. 


P<nmda. 
1.980 
IS 


Vorwl 


ttjaiuu 
iaoews 


15  J 

W  $ 

6  I 


Tike  lightning-rod  attaohments  are  made  to  pattern  from  drawings. 

RBMABK8  ON  TRB  FORKOOINO  BILL  OF  IROK. 

All  of  the  iron  in  of  the  best  quality  usually  manufactured  by  leading  iron  manu- 
factnrcrH  fur  bnilding  pnrposei),  and  accordinji;  to  Hbapesand  dimensions  shown  and 
given  in  ilrawiiijjM  and  bill  of  iron  fnniish«  (l  contract or.s. 

The  wrought  iron  stands  a  teusiie  strain  of  50,0U0  pounds  (see  record  of  tests)  per 
square  inch,  and  stretches  16  per  oentnm  of  its  original  length  before  breaking.  It 
does  not  niidpiL^o  a]»]>rt'<  iable  jtennanent  elonjration  midfr  a  loss  strain  than  '25,000 
pounds  per  Hi|uar«  inch,  and  shows  the  charai  teristics  of  good  iron  wiien  lu-nt  cold 
and  broRen. 

Tlx-  beams  liavft  the  strength  ainl  -fid'iieiHS  laid  down  and  elainied  for  tlieni  in  the 
tables  published  by  the  leading  iron  nianiifaetiirt  is  and  rolling  mills  of  the  United 
States.  They  are  straight,  out  of  win<l,  the  planes  of  the  tlanges  parallel  to  eaob 
other  and  jierpendicnlar  to  the  web,  and  are  free  from  ilaws,  blisters,  ragged  and  torn 
etiges  or  other  blemishes  and  evidences  of  bad  iron.  The  dimensions  agree  in  all  re- 
spects with  those  given  in  the  drawings. 

All  bolt  holes  are  aocorately  made  at  the  proper  points  and  of  the  proper  sises,  and 
the  beams  are  delivenad  eompleted  at  to  all  flmsbiug  work  neoeesaiy  to  th^r  fitting 
in  tlx  ir  t>r'>}Kr  ]  daces  and  to  their  l»dng  properly  Joined  with  the  other  component 
parts  of  the  building. 

The  tie  rods,  tie  bolts,  rafter  stays,  angle  and  bar  iron  are  without  defeottre  welda 


Digitized  by  Googk 


* 


OF  TH£  GHI£F  OF  ORDHASOS^ 


105 


or  flaws,  straight,  accurate  in  diiueusiuuH,  delivered  fiuiiihfld  ready  to  be  pnt  in  the 
btiilding,  bolt  heads  drilled,  screw  threads  cnf,  ln-ails  formed  as  shown  in  tin;  di  Jiw- 
iogB.  «o  as  to  insure  aceunkte  Uttiog  and  jomiag  with  the  other  oompouunt  p&rts  of 
the  DQilding. 

Tin- castings  nro  f re 0  from  flaws,  blow  lu>l»  s,  ointlu  r  dcfrcfs.  Tht;  c  oliunnsand 
their  caps  aro  straight  and  accurate  in  dimeuHious;  the  ends  and  laces  plaucd  or  turned 
perfectly  tme,  level  and  »t  right-anglea  with  the  length  of  the  ooliimmi.  Tbe  thlok' 
neftn  nf  the  roitiiuns  is  nniform,  Mid  they  fit  their  eapfl  Momatelj  and  have  fhU  and 

perleel  b^^ariug  at  the  ends. 

All  of  tbe  iron  tiniMhed  accordiug  to  .speolfioatloiM  with  the  parts  and  pieces  thereof 
is  Mnlijec  t  to  in^p<-(  t  ion  and  test  before  a«oeptaiii06.    It  is  them  cleaned  and  primed 

with  uue  ouut  ut  paint  bofore  delivery. 

iUcOrd  oj  leiU  by  tetmie  9ireM  0/  iron  rolled  by  the  toMmic  HoUiHy  Mill  Comj^any. 

(StevMw*  iDetttate  «r  Tedmolefjr.] 


OtUHoal  mark  No.  5.  L»bo- 
ratory  K<k  2151.  MuterlHl: 
'^V^ou^ht  iron,  1^  inches, 
anwclucil.  Diiuenstoos: ' 
Lcii;:iii.  L'.i  incbai; 
t«r,  iucb. 


\  tioa. 


8et«. 


Ori^ioal  mark  Xo.  4.  Lftbo- 
ratory  No.  214S).  Material: 
Wroiieht  iron,  1  inch,  un- 
welded.'  Diiueaaionait 
Lengtb.  2.06  ineJiesi 
ler,  .705  inch. 


8«ta. 


Inchet,  I 


8,000 

.am 

fl;0OO 

.0030 

10^000 

.001 

11.000 

.oon 

12,000 

r 

i9;fioo 

.oow  1 

IS,  000 

.0048 

18,250 

.0048  1 

IS,  MO 

.009  r 

IS.  790 

.oosa  1 

14,000 

.  1 

14,250 

.0087  ' 

14,  500 

.0001  1 

14. 750 

.Oirt»'.i 

15.000 

.O0U7 

15,  250 

.Ot'UO 

15.  500 

.0118  , 

15.  750 

.0127  ' 

10.  000 

.0154 

lb.  250 

.0100  : 

1«,  500 

.0245  ■ 

17.000 

.02*8 

18.000 

.0321 

.0408  j 

.0008 


.oou 


.OWL 


.0055 


.0185 


.0350 


Itoada. 

Uonu 

Inchet. 

8,000 

.0027 

8,  oou 

.0034 

10^000 

.0080 

11,000 

.0087 

12,  uOO 

.0030 

18,. wo 

.0045 

IStOOO 

.0047 

»2M 

.OOS 

18,500 

.0051 

13,  750 

.0053 

14,  000 

.0055 

14.250 

.  0O58 

14.500 

.  0050 

14,  7.'iO 

.00fl2 

15,  000 

.0005 

15.  250 

.0007  ' 

15,  oOO 

.0071 

16.  750 

.0074 

10.  000 

.0078  ' 

16,  250 

.0081 

16,  500 

.  OOH.3 

17.  000 

.  OOHK 

18,  000 

.0165 

ltt,000 

.0063  1 

.0010 


.0020 


.0302 


*  Final  <1imenMonH:  Lcnf^b,  2.74  iuche8;  diameter,  .0  inch;  r©dti<  ti..ii  ofjin  a.  O  [xr  <«nt. 
t  Final  ilimeoaioasi  Length,  2.08  iach««;  diauitttor,  .018  Inoh  ^  reduction  of  nr<Ni,  40  p«r  cent. 


v.rnVf  pooade. 

brek>.kia^  load  per  aijuuic  inch  : 

Original  section  ....| 

Fractional  section  

Xaatic  limit :  I 

Actual  ' 

Per  sqnaro  inch  orlgliiiil  ''••ctiou  .. 

Ktonyitlun,  actual =.(U  — porceat.. 


Ij  at  pounds 

lifi  .iKiii^  load  )H'r  s<|uaro  inch: 

53,  640  I        I  )i  i-in;il  s.  ttion   , 

94, 166  I         Fnw  lionai  nvction  

'  £la«tio  limit: 

13,750  Actnttl  

27,700  '       l'>  r  s<;ii.iii<  iiirh original  section 
82  j  SloQgatiou, actual  =^.6i....p«rOMit 


21.700 

.''.7.  s:i2 

9.").  C71» 

14.  000 
28,200 


R.  H.  THUESTOir. 
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State  of  IroN  for  magazine  building. 


(ItMord  of  teste  by  teoekm  of  fmns  rnkde  bj  PiMaftlc  BoUing  Mill  Coopuj.  StanraM'  Inclttale  of 
TMkiiologjr.  Malwrlel,  trwwight  iron.  ZnTestigatloB  Iqr  toaafl*  atMaglk.) 


e 

• 

M 

« 

DfaMBriOBS. 

4 

« 

Bre»kiii|{  loed 
Dfir  MiiiAre 

tooh. 

2 

1 

•n 
o 

.a 

Is 

® 

in 

S 

a 

1 

Ratio  to 
original 
length . 

2146 
214^ 
tlM 

. 

2 
< 

In. 
1.6 
2.1 
.3.M 

/n. 
.  62.5 
.795 
.7«5 

IC.  00.' 
'J8,  300 
Mk600 

r".2.118  '  69.961 
57,  IU4    85. 089 
68^897  .  97.800 

.26 
.66 
.82 

Per  eL 

IH 
27 

B.  H.  THUSBTOK. 

IHrt«tor. 


Sooord  of  te«tH  by  tentiUe  tttrenKth  of  irons  made  by  riMlIn  Boiling  Mill  CompMiy.  8teveB0'  In* 
•titateofTechnoWv.  Origmal  mark.  No.  3.  Matortel,inOTShtiniB.  LebonftOCyH*.  Sl<7.  IMmm- 
•loM:  LengUi.  2.12  inobeej  diameter,  .888  iBOh.] 


Loads.     ^  KlougatiMb 

1,000 
1. 2.10 
1,  500 
1.  750 
2.000 
2.250 
2,500 

2;7M 
8,000 

.002 

.009 
.  olfi 
.  OJl 
.  0  >9 
.036 
.04 
.044 
.00 

Broke.  6,740. 

Break  iti;;  loitd  por  Hqiinre  inoh,  S7«00i* 

Br<\jikiu>;  load,  rnu-tionalaeotlOB,  lOfl^Ott. 

BlMtic  limit,  actual.  2,750. 

Blaatie  Bmii,  per  aqnare  Ineli,  M,tK. 

Elongation,  pero<^nt.,  20. 

B<>daction  area,  per  cent.,  45. 

gtaaidlmearioM;  Lengtli,  3.04  iDchea;  diameter,  .20. 

 Vooi* 

.ou 

B.  H.  IHUXSTOX. 

JHrtctor. 


3*  Corriif&l«i4rom  roof  fur  magaaime, 

Fonr  Inches  pviliii  fMtened  on  upper  Miirface  of  raftvr  by  wronght-iron  shoes  dop- 
ing the  lo\v<*r  tiaii^n  of  the  juirliu. 

Eleven  ptirliuH  on  each  hip  33f  iuchee  apart.  Jf  urlina  joined  together  by  4-inch 
iron  ftripH  I  by  one-fotiith  Inch. 

The  rafttTH  uiid  purlins  mic  cDvcit  d  by  bent  bhinjn  j^al vani/.od  corrugated  iron 
sheets,  No.  2U  wire  gauge,  famuuud  tu  tbe  purliu.s  by  galvatiizud  irou  strips,  riveted 
tothe  fop  oormgations  on  the  under  side,  andearrfed  around  and  nnd«r  the  purlins  to  the 

fOD  of  the  opposite  comijiatioiiH.  This  prt-vcTits  h-akiiKe  throiijjh  the  rivt  t  hoh's. 
The  sheets  are  3  feet  wide  by  7  fuvt  ,i  inches  loug  and  are  fastened  togi  tlu  r  by  tinned 
rivet*. 

Tho  hoh's  am  imiifhcd  uniform  and  fix*  rivet.s  fit  ncouratcly,  tlu'  ohl  hand-pmu  h 
being  abaiuhjni  <!  in  favor  of  a  lu'w  nu'tliod,  winch  iu.siires  a  luuch  closer  lit  of  the 
rivet. 

The  sheets  lap  1^  inches,  and  the  old  plan  of  simply  painting  the  lap  after  riveting 
has  been  abandoned  in  favor  of  the  use  of  canvas  strips  1|  inches  wide,  dipped  in 
white  lead  and  oil,  which  are  inserted  between  the  lapped  surface  of  the  iron  before 
riveting.  The  backle  raised  by  puaobing  is  in  this  manner  perfectly  tilled  up,  and 
bath  a  water  and  air  tight  joint  is  sMnred.  When  the  satnratton  of  the  eaavaa 
hardens,  it  practically  c  inr  nts  the  surfaces  <)f  contact. 

On  the  ends  of  the  building  galvanized  iron  gable  cornicen  are  ])lac«-d  and  Kccurely 
ihatened  to  the  roof  oovering.  On  the  ridge  and  eaves  galvanized  iron  ilashings  are 
employ  ed  in  part  eorni>:Mte<l  to  avoid  a  seam  at  this  part  of  the  TOOf.  Thexoofit 
painted  w  ith  one  coat  of  Prince's  metallic  paint  on  the  ontside. 

The  gntt<>r  is  of  the  same  grade  of  iron  as  the  roof,  No.  20  gauge,  and  partially  sup- 
ported l>v  the  cornice  and  iron  hooks  at  intervahl  of  2  feet,  the  hooks  being ^Mt  to 
the  raft^jrs.    (See  Fig.  3,  Plate  111.) 
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A,  li,  C,  D  is  ii  wroiiglit-iioii  (itrapto  hold  lUo  t'Uve.H-tr()ii>j;li  uf  livt-hixJc-euth  inch 
iron,  inchen  wide.  It  is  canu-d  nji  and  bolted  to  the  lower  purlin  with  two  ono- 
foarth  inch  bolts  at  the  {Miiut  D.  The  eaves-trough  is  formed  to  tit  strap  and  extends 
above  tho  aw^h^  at  the  roof  4  iiitht-s.  The  first  or  lower  Hhcet  on  roof  is  13  inches 
wide,  5  iiioheH  plaiu,  8  iih  Iu'k  e«irrnj;at«'d,  bout  over  aii^'l*'  ;tt  and  laps  1^  inchos  in 
tho  eaves-trooirb ;  all  other  Hheeti*  overlap  li  inches  auU  are  3  feet  wide  and  7  feet  2 
inelies  loni^.  Two  rods  If  ve-eighl  hs  inch  ronnd  iron,  34  inches  lonir,  connect  the  lowest 
]>  lir  of  jiiuliiis  Ih  t\v(  .  ii  rafti  jN)  in  oni»  r  to  more  accurately  |iou  the eaves-troQgh. 
The  distauue  between  purliuM  is       inches  from  center  to  center. 

The  straps  FP  are  employed  to  eonneet  the  roof  covering  with  the  pnrlins,  passing 
from  top  of  corrogation  on  the  one  aide  to  the  top  of  corrugation  on  the  oppowte  side 
purlins. 

4.  BtU  of  iumher  for  a  magmHmg  httUdiiig. 

ClMrtnut  floor  beams,  3  by    inches  by  17  feet  pieces..  460 

Wbite^pine,  first  clear,  window  Jambs,  3  by  4  inches  by  13  feet  do. ...  Si8 

White-pint-  ]>i(  Uinj;H  for  fiirrinj;  wtrips,  2  l»y  I  inchcH  by  Ifi  feet  do....  138 

White-pine  pickings  for  fnrriiij;  NtripH,  ii  by  4  inches  by  12  feet  do....  74 

dear>faced  ton>rue<l  and  ;;rooved  Ueor^ia  pine  flouring  1|  by  4^ inches.* feet..  17,500 

Clear-faced  white  f»iiie  <  t  i liiit^^,  1  by  :5  iuclies  by  13  feet  do   8,500 

Firiit  clear  whit^'  pine,  "J  inches  by  li\  feet  «lo....  •'>00 

Fbat  clear  white  pine,  1  inch  by  it)  feet  do....  '^(K) 

8prnce  Ibr  scafl'olding,  2  by  10  inches  by  If.  feet  do   3,000 

Hemlock  for  centers.  1  by  ♦>  inches  by  12  feet  do   3,  lOO 

Centers,  &t.,  for  tnrning  urchcs  : 

White-pine  pickin;;.s,  -2  by  12  inches  by  16  feet  ^.pieces..  64 

White-pine  pickin^js,  I  by  12  inches  by  16  feet  do....  800 

Hemlock,  2  by  4  inches  by  16  feet  do....  50 

Hemlock,  3  by  1  inch  by  16  feet  do....  10 

6.  BiXlofmatomrjfforma§turime. 

m 

FOITin)ATIOIf, 

Hortar,  masonry,  granite  for  walls  and  piers  cubic  feet. .    13, 134 

Csment  for  same  baiiela. .  218 

Ume  for  same  do....  48 

WATBKrTABLB. 

Cot  atdiM,  granite,  bnsh-haramereit   anperfieialftet..  608 

Cat  atone,  granite,  bed  Joints  and  pitch  faced  do....  3,606 

ABOYB  WATBIMTABU. 

Common  brieka,  in  walla   310,930 

C<»nmon  bricks,  in  wells   5, 900 

Common  bricks,  In  floor  arches   74,500 

Hollow  brii  kn  in  npjtet  arches  ............................................ 

Skew-backs  in  upper  arches   2, 195 

Cnt  and  dressed  atone,  granite  for  atsps,  sills,  Ac  sapeiftoial  feet. .  682 

Cement  fur  above  ..barrels..  276 

Lime  for  above  .....do....  883 

6.  Vtrtioal  moaiwrmtMU  «tf  moftuimB  Ho,  9» 

LSVXLa  »OX  TOP  OF  WATBB-TABLHI. 

Ft  In. 

Ground  level  ....below..  —  1  rt 

Bottom  of  atone  Ibandation  below . .  —  6  0 

Floor  above,  -f  I  10 

Lower  side  ceilinf?  beams   -fl3  ^ 

Top  Hide  ceil  in;;  b«-ains   ......  ......  ..................  +14  7^ 

Bottom  of  lower  ventilator,  inside  bnilding    4-  ^  4 

Bottom  of  top  YeatilBtor,  inside  bnlldiu<;   -fll  3 

Buttoin  r)f  all  Tentilatm^  oataide  building  (ventilator  frame  ontside  4 

by  19  inches)   +1  2 

Base  of  panel  (10  conrm  of  brick)   4-  9  9 

Top  of  panel  (57  courses  nf  brick)   -f  7 

Top  space  above  panel  to  cornice  (6a  couines  of  brick)   +14  4 
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Top  coruice  (70  courses  of  brick)  

Top  side-wall  or  uier  (70  courses  of  brick) 
To](  of  winddw-sill  ....  .................. 

Top  of  window  ......  .............. 

Bane  of  shoe  

Cciif  cr  of  shoc-VniU  

Middle  rafter  joiut  at  nc&k.. ...... ....... 

Top  rafter  Joint  at  peak  

Center  attic  window  


Ft.  In. 

+15  6 

+15  6 

+  4  10 

+11  6 

-  -15  6 

--1G  0 

+90  lOf 

+23  H 


7«  ffori^fonial  meatitremmfa  of  ma^azinm  No$.  2  and  3. 

luHidu  uieaHnrnmont  of  Hoor  or  ceiling,  46  feet  11  inches  by  19S  feet  11  inehee. 
Distance  between  iron  columns,  center  to  <?enter,  8  feer. 
Distance  from  end  of  building  to  center  of  first  coluinii.  7  feet  bi  inohee. 
Diatauoe  firoui  side  of  bnildini;  to  center  of  csulomu,  23  feet  5^  inches. 
Onteide  meaeoreweut  of  brick- work,  51  feet  2  inehoe  by  203  feet  2  iuohes. 

SND  WALLS  OF  KAOAZIKK. 

• 

Stone  fonndatlon  68  inches  wide  to  a  height  of  9  fvat  1  inch  flroni  ba^e ;  at  that  point 
w'lth  an  ulT'sft  nf  I'i  inclus  on  the  inside  and  20  inches  on  the  outside  of  foundation 
wall,  wall  30  inches  wide  for  a  height  of  3  feet  1  inch  to  wat4:r-tabic ;  water-table 
(height  8  inohea)/ resting  on  this  wall,  width  38  inches,  obamfeied  1  inoh.  by  8  Inches. 

gIDB  WALJJj  OF  MA0AZI2<S. 

Stono  l.xiii.lation  50  inches  wide  to  a  liei^ht  of  2  feet  from  base  ;  at  that  point  with 
an  oflMet  of  12  inches  on  the  inaide  and  20  inches  on  the  ontaide  of  foundation,  wall 
24  inches  wide  to  water-table;  water-table,  re«tiug  on  this  wall,  26  inehea  wide ;  upper 
brii  k  walls,  end  and  side,  88|  inohes  tfalolt  in  pier,  including  airspace;  wall  in  pan- 
els, 16^  iuohee  thick. 

H.  J£aMrk$  relaiive  to  lightning-rods. 

The  li;{]itning  rixis  ar«-  ]>hi('> d  ou  (1ii>  iiiaua/ine  in  the  nKHnicr  recommended  by  the 
"  Board  on  Prutectiou  of  Gunpowder  Magu^iuea  from  Lig^htuiug,-'  nearly  as  follows : 

Th<*  niajiraeines  are  provided  with  five  condnctors  of  1  inch  );a1vanize<l  iron  wire  rope, 
wt^ll  ]iai!itril,  .  Til  h  coiHlurtKr  rniiniii<4  cuntinuonsly  IVom  tin-  t  id^r-  down  oiip.isit"  fnei-s 
of  the  Ijuililiii^^  au«l  connected  by  a  diddered  Joint  wiili  a  cast-iron  Wii,it;r-j*ij>c  U*  leet- 
lon^,  1  foot  in  diameter,  inserted  in  a  wet  well;  the  central  and  extreme  cfnulnct^ini 
passinjf  behind  t!i<'  wator-spont'^.  i  he  cTirvat  ui i- a i  t'lf  iiaves  is  siirh  that  the  length 
of  tlie  cnr\ed  |»orii(m  dims  not-  DS^ft  d  one  ami  a  lialt'  times  the  distance  between  the 
initial  an<l  terminal  points  of  the  curve.  The  upper  terminal  of  each  conductor  is  a 
1  inch  ^alvani/.ed  iron  rod  with  a  beveled  and  gilded  extremity,  surrounded  at  1  foot 
from  the  end  by  an  iron  collar  screwed  and  soldered  to  it,  holding  six  equidistant 
pointed  and  ^tilded  iron  wires  6  inehes  long.  The  length  of  thetenninal  rods  does 
not  exceed  6  feet. 

The  verticil  I  portions  of  the  wire  rope  are  eonneeted  by  a  horlsontal  rope  of  the 

sann-  K)ii(J  and  si/i-  ahuvc  ^lonnd. 

The  holdfasts  are  of  iron  and  aliow  free  moveraeuift  lu  ihe  rope  in  expansion  and  con- 
traction. The  doors  and  shutters  are  connect^^d  with  the  conductors.  (For  farther 
detaihi  see  ChleJTof  Oidnance's  Report  for  l&B^  p.  587  to  530.) 
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Appbndix  12. 


DM8CRIPTION  OF  TIfE  HOD  BA  vnXKT  AND  ATTACHMENT,  AND  FRONT 
AND  BEAR  SI  GMT,  FOB  THE  6FEINGFIKLD  MFLE,  MODEL  1664. 

BT  UBinr.  OOL.  A.  R.  BOTFIKOTOlfy  OROXAITOB  DKPARTMBZIT. 

(1  plate.) 

BOD  BATONBT  JJSCD  ATTAOHMBNTS. 

HOMBKCLATCBB. 

Fig.  1  repreAeuts  rod  bayonet  and  attachments  on  the  rifle. 

bayonei  (A).  Parts :  Round  blade;  shaMcra  (2)  f6r  lookiDj^ 
Sjpnng}  creases  for  thumb  and  tin^^^ers;  point  ffroovet  o(l);  stem  (not 

goowfnj?  in  Fijr.)  size  of  orflinary  rammer  with  firrpir  fhread  for  a  head, 
which  iscarrie<l  with  screw  driver  and  headlesb  sihell  extractor  in  the 
butt  of  tUe  stock. 

Bod  bayonet  stud  (B).  Bradsed  to  nnderside  of  barrel.  Parts:  iVoai 
fn^Ktion  (C);  r§ar  frojeeUum  (D)  and  serving  as  stock  tip;  bedding 
groove  for  lockinfr  spnnfr;  bafte  and  locking  9prin(f  sorew  and  front  tight 
cover  pin  Itoles^    Front  siirht  cover  ]tiM. 

Locking  spring  (E).  One  catch  uuiy  jihown.  Parts:  Bme  blades;  rod 
eatdies,'  pin  and  $ere»  koUa, 

Locking  spring  pin. 

liockiug  sj)ring  screw. 

Loekinir  spring  button  (F).  Parts:  Body  with  batfonet  groove;  thumb 
and  jinyer  projectiom  2  (H),  creases  for  thumb  and  hugers:  inclines  for 
pressing  down  locking  spring;  pivot  koh  and eomUerHfUc;  locking  spring 
icrnp  hole.  Pivot  stud  (ander  the  rod,  not  shown)  riyeted  to  spring. 
PsrtB:  B&djff  head, 

HAHIFUIATIOK. 

To  Jix  bayonet:  PUuxj  the  rillo  in  pojsition  prescribetl  lor  ''lix  bay- 
onet^ witb  the  old  triaogalar  bayonet,  barrel  opposite  rod  bayonet 
stud  resting  in  palm  of  left  band,  thumb  and  fingers  (thamb  above  on 
thelefr.  linprers  below  on  tlie  viuht)  resting  on  t1n»  rrfiaf<e.9  of  locking 
spring:  1  Kitton  projertions.  tlnifni)  and  forefin^rer-s  of  ri-ilit  hand  clasping 
rod  ba^  onet  at  the  ereaaes  above  the  stud.  Press  on  the  projections  of 
locking  spring  button  to  foroe  eaoh  as  far  as  it  will  go  towards  the  rod^ 
then  .spring  the  bayonet  upward  ont  of  fastening,  relaxing  tbe  pressure 
ot'tlH'  left  hand  thumb  and  finf^ers  on  the  l)ntton  projections  while  draw, 
iijg  tiie  i-od  with  t\u\  riglit  liaad  and  the  rod  will  be  caught  automaU- 
caily  at  the  proper  place,  hxing  it. 

To  haifsmetf  PositioD  of  rifle  and  hands  as  before.  After  releaa* 
ing  the  rod  aa  above,  puah  it  downward,  relaxing  pressure  ot  left  hand 
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tbamb  and  fingers  and  the  rod  wDI  be  eaagbt  automatically  iu  position 
of  iiDfized  bayonet. 

BSAB  siaHT. 

NOMENCLATUKB. 

¥\g.  2  represents  rearsifjht  complete  on  tberifl*'. 
Fixed  l);ise(£V).  Pai  f  s:  /?'><7// wii  !i       lor  movjibi*' ;  f) arret  groovnf 
base  screw  holcH  {'!) ;  irimhhjr  srreic;  seat;  wimlage point  liiiea. 
\V  iudagc  »crew  autl  heaiU  (a). 
Base  screws  (2). 

Movable  base  (B).  Parts:  Body  with  reinforce;  joint  lufjs  (2)  and  pin 
JtnJcs :  fiprinr;  mortise:  vndrr  ruf  s!  ringtlotf  pivot  hole;  windage  fenu^e 
screw  thn 'I 'i s ;  windage  point  arrow. 

Joiut  pin. 

Base  8prin^.   Parts:  Body;  bmdei  edf/es;  blade;  pivot  hole. 
Sijjbt  leaf  (C).    Parts:  Body        joint  projection;  elevating  pini&n 
projection;  slide  oriff  mortise;  V-ehaped  grooves  for  slide;  gradttoHone 

and  Jigures  for  rl/'rationfi. 
Elevating  pinion  and  head  (D). 
Blevating  pinion  wasber  sprinjr  (E). 

Slide  (F).   Parts:  Body  jrith  V-shaped  sides;  pinion  raehet ;  apertures 

(2)  for  open  eighty  lower  one  for  elevatiofis  from  200  to  1,400  yanla,  in- 
clusive :  tn)per  one  for  1,5(M)  to  2,000  yards  inclusive ;  apertiue  night  hole 
for  2(»0  to  1,400  yanls  inclusive  j  graduation^  linex,  and  figures  for  eleva- 
tion 1,500  to  2,000  yanls  iuclasive;  hwshhorm  and  open  night  notch  (2)  for 
point  blank''  to  100  yards  rangey  leaf  down. 

%  MANIPULAnOV. 

Leaf  raised  antl  lowered  in  any  jjosition  of  movable  base,  as  the  pres- 
ent serrioe  sight  leaf. 

Elevation  for  range.  To  100  yalds  leaf  and  slide  down  through  the 
buckhorn  o]»eTj  siuht  notch.  For  greater  than  100  yards  raise  the  leaf, 
and  with  the  right  thuiiib  and  forefinger  turn  tlie  pinion  liead  (D)  up- 
ward until  arrow  of  lower  open  sight  notch  or  arrow  of  aperture  hole^ 
whichever  be  nsed,  is  opposite  lines  under  the  flgnres  of  desired  range 
for  all  ranges  to  and  includiug  1,400  yards;  for  greater  ranges  to  and 
inrlndinu  !_'.()(»()  y;nds,  wliieh  can  l>e  ol<t;iiiied  only  through  the  upper 
open  si^^iii  jiotch,  the  arrow  on  the  npi)er  left  hand  side  of  leaf  must  be 
maiic;  by  movemeut  of  slide,  to  coincide  with  graduation  lines  under  the 
figures  of  elevation  on  the  left  of  the  slide.  As  the  s1idt>,  in  moving 
iipwai<l,  moves  in  the  "slide  drift  mortise"  of  the  leaf,  whi(;h  mortiso 
hjis  the  inclination  to  the  /<?/Y  (riflitig  being  to  Mie  light)  of  the  <lrift 
curve — practically  a  right  line — it  follows  that  correction  lor  drift  is 
thus  secured  automatically,  requiring  no  thought  or  adjustment  of  the 
marksman  for  any  range.* 

Correction  for  windage  is  secured  by  the  movable  base  (turning  about 
the  front  base  screw  as  a  center,  carrying  tlu*  leaf  and  basf'  spT-in  j^  with 
it)  and  windage  Rci-ew  in),  which,  with  the  right  forefinger  and  tiiumb, 
turn  to  the  trout  for  a  wind  from  the  right  and  to  the  rear  for  a  wind 
Ihom  the  left.  The  arrow  head  in  rear,  on  the  center  line  of  movable 

•  Lient.  W.  C.  Hrown,  First  Unit«<l  Stut«'8  CavjiUy,  {uopusetl  that  drift  lin«*«  or 
earves  ho  uiarkod  ou  the  leaf  of  tho  rear  Might,  model  79,  mo  that  adjiiHtmeut  ooold  1m 
mar!)'  for  drift ;  on  thUt  bMia^  for  wUoh  credit  is  due  to  him,  the  aatoiuAtio  smage-  • 

nieul  WHH  dev  iHed. 
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base,  and  the  windage  point  lines  on  the  fixed  base,  record  the  move- 
ment 

PSOnX  SiaHT  AND  OOVBB. 
somatciJiTVKm. 

Front  5^1  ght  (2).  Parts :  Steel  cylindrical  carried  in  a  thimble  in- 
closed by  tront  sight  cov  oi-. 

Front  sight  cover  (D).  i'ai  ts :  Body  with  barrel  and  ni^ht  holts }  thim- 
Ue  r«0ew  mtf  aovw  hoU  ami  ftoyoiMt  dud  and  pin  onto. 

Thimble  (E). 
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MBPOBT  OF  ABTILLSBT  PSACTICM  AT  THE  KABROWS^  NSW  TORE 

HARBOR, 

BV  COL,  JOHN  HAMILTON,  FIFTH  ▲BTILLERY. 

(3  plates.) 

The  practice  was  with  the  20  aud  lo  inch  liodmau  siuooth -bores  aTxl 
4|-iDoh  siege-rifle.  The  lateness  of  the  season,  the  lack  of  a  saitable 
anehorsge  for  the  target,  aud  the  withdrawal  of  the  steam^latineh  Thayer 
prevented  the  continuance  of  the  tiring  ho  as  to  iaclnde  the  lUO,  200. 
and  300  ]>oni)*l<'r  Parrot  rifli'Siiiid  the H  iQohoonTertedrifleSyall uoanted 
at  Fort  W  adswurth,  oSt  w  \  ork  Harbor. 

The  details  of  the  firing  are  shown  iu  Tables  I,  II,  and  III.  Consid- 
ering the  class  of  goas  used  in  the  first  case  (smooth-bores),  the  results 
are  fiairly  good. 

20-UiOli  SODMAN  SMOOTil  BOBS. 

This  piece  ba^l  been  fired  but  a  very  few  times  aud  the  details  of 
record  were  incomplete.  Having  broken  a  portion  of  its  carriage  at  the 
dose  of  the  firing  8ea.<on  of  1S>l>,  it  bad  been  repaired  by  the  Ordnance 
Depart rneut.  It  was  intimated  that  tlic  carriage  (Kmld  then  resist  niiy 
stmm  of  recoil  with  the  charges  to  be  used.  I  believe  that  this  would 
have  beeu  the  case  but  for  unforeseen  complications  which  brought  the 
Strains  upon  the  carriage  in  an  anasnal  manner.  The  details  of  &e  fint 
round  are  shown  iu  T}ible  1.  The  injury  was  due  to  the  fact  that  the 
chains  by  which  the  carria<?e  was  pulled  "  from  battery"  had  not  heen 
unliooked,  and  the  carria^'e,  in  recoiling  over  th«*se,  was  raised,  so  that 
two  auxiliary  eye-bolts  attached  to  the  gun-carriage  struck  aud  raised 
the  rear  bnlfer-plate  of  the  chassis.  The  damage  was  repaired  by  the 
Ordnance  Departmeut,  and  the  next  round  was  fired  with  reduced 
charge  of  powder  (150  pounds)  and  an  increa<*ed  amount  of  oil  (15  gal- 
lons) in  the  hydraulic  bufler. "  The  gun  recoiled  the  full  length  of  chas- 
sis, struck  the  ruliber  buffers  of  chassis,  and  8prang  lorwai'd  from  these 
%  inches.  Upon  the  adTice  of  Mr.  Sinclair  (Ordnance  Department)  it 
was  coneliided  to  All  the  bnflRir  cylinder  cMnpfotoly,  preparatory  to  again 
firing. 

Tt  was  also  considered  desirable  to  measure  the  velcMuties  of  the  gun. 
Maj.  George  W.  McKee,  Ordnance  Department,  United  Stiites  Army, 
acting  president  of  the  Ordnance  Board  in  the  absence  of  Ool.  T.  G. 
Baylor,  caused  instruments,  material,  and  employi^s  of  the  department 
to  be  stMit  from  Sandy  TToolc  twice.  Unfortunate  ly  tli^  weather  proved 
nnft  vnrable  on  both  occasions.  Colonel  Baylor,  upon  his  i  it  urn.  acceded 
to  a  request  for  an  efibrt  to  Ihj  wade  a  tliird  tirue.  Again  a  storm  pre- 
vented the  arrival  of  the  ordnance  boat  ttom  Sandy  Hook.  This  ter- 
min^ed  onr  efforts  in  that  direction,  the  season  being  toote  advan<»sd. 

iU 
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The  buffer  was  foil  wben  tlio  pistoii-rod  was  broken  io  the  firing  of 
1 882,  the  resistance  to  recoii  having  Ix^en  probably  too  great.  Althongh 
the  openings  in  tho  ])ist<>n-head  had  been  iiirreMscd.  sonie  hesit;uur 
was  felt  to  (ill  the  cylinder  coiux>letely,  and  thus  raise  the  I'esistauee  to 
a  uiaxiumai. 

Oor  thanks  are  dne  to  the  Ordnance  Department  for  ite  readiness  to 
assist  as  in  our  work  and  to  fnruish  us  many  of  the  iuetmmetitB  and 
fat  ilit  ips  rofpiired  for  it  fieferenee  will  be  made  hereafter  to  aome  of 
the  details  of  these. 

l&INOH  BOBUAN  SMOOTH'BOBB. 

These  were  tired  with  charge>«  ot  (lo,  70,  and  Ht)  pounds  of  mamiiioth 
jmwder.  The  last  named  charge  did  not  appear  to  be  too  great  either 
for  the  gnn  or  carriage,  and  gave  so  much  bettt*r  results  that  its  uflO 
was  continued.  The  pneumatic  buffers  ap])eari  d  to  sunico  for  the  ab- 
sor]dinn  of  the  recoil.  The  earria^'e  r;ui  *'  in  l>;»i i»  rv.**  howcvor. ami  an 
automatic  di-viee  (siieh  as  Mr.  Siiu  hiii  's)  for  holdin;:  t  lie  carriage  "tiom 
battery"  after  recoil  might  he  a<i\ aiitageously  applied  ou  carriages  of 
muzzle-loading  guns  ))rovided  with  the  uneumatie  buffers. 

Two  volleys  of  four  guns  each  were  nred  by  electricity.  Beference 
will  be  mside  to  this  Ixn^eafter.  The  target  was  straek  bj  one  volle,v, 
the  shot  clustering  well. 

As  a  make  shift,  these  guns  mny  do  fairly  good  work  at  ran;:<  s  nut 
exceeding  3,000  yards,  if  fired  with  130  pound  charge  of  hexagonal  ik)W- 
der,  as  proposed,  and  in  volleys  of  not  less  than  eight  guns,  so  that  it 
may  chanoe  that  two  or  more  shot  strike  the  enemy  simaltaneonsly. 

4^-l^CH  SIEGE  lilFJLES. 

These  guns  were  fired  only  twice.  At  the  first  day's  firing  the  taiteet 
was  struck  in  the  bull's-e>e.    At  the  second,  the  target  was  blows 

adrift  by  a  ntorm  itf  froni  40  Lo  50  miles.  The  ])i('(*os  wore  tlim*fore 
siir^itiMl  ill  points  on  the  Quarantine  Islands,  wiihniit  t'luleavori  i  i  t<» 
allow  foi-  wind  and  tlritt»  in  order  to  obtain  data  as  to  both  drill  ami 
wind  deflections. 

Theprobtdile  drift  of  the  Hotchkiss  solid  shot  nsed  (old  pattern),  with 
a  charge  of  3j  i>ouii(ls  i>f  mortar  powder,  for  a  range  of  2,."j2()  yanls,  is 
8.7  yards;  for  3,5  0  \  :u(1s  t  is  L*- yards.  The  data  fro?ii  wliieh  these 
are  obtained  are  souunvhat  uoubttul,  contain  unavoulatUe  elemental  of 
uncertainty,  and  turiher  observatious  to  verify  are  desirable. 

POINTING  aims,  BTO. 

As  llie  lelt'scdpic  >i^iiis  were  not  complete/l  in  time  un  usf*  duiiiig 
the  present  tiiiug,  the  service  sights  were  used,  and  the  guns  pointed 
directly.  The  deflection  was  then  given  by  means  of  pointing-boahUi 
and  a  i)ointer  attachtd  to  a  rear  travel se-wheel  of  the  chassis.  1^ 
pointing  boards  were  graduated  into  divisions  of 27",  whu-li  jrives  a 
value  of  .001  oi  tlit'  range  iii  deflection.  A  sketch  of  the  boards  is  at- 
tached.  (Fig.  I  of  Plate  I.) 

In  order  to  train  the  eyes  of  cannoneers  to  appreeiatton  of  distancM 
at  tli«'  target  and  to  insure  perfect  accuracy  of  pointing,  etc.,  the  Col- 
lowiug  circular  was  published: 
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ABTIUUttY  PBACTICB  CIECULAR. 
1.  Elemtinns  will  not  b«  frtven  until  jii8t  before  firinj^. 

i.  Tlir  ;;itn  Will  first  ln'  sighted  ilirci-l  Upcui  the  bull^  r\ .-.  ;iti<1  f  lie  i  ajttain  in  rim:;;© 
of  the  gau  will  lalm  uuwiy  uf  liiti  uon-ooiuiuiiMiooed  otMceni  aud  iutuUigcut  ui  tvsiiUift 
«H  time  wUl  fwrinU  to  r«nty  tb«  pointing.  The  oorreotion  for  wind-delieetton  will 

tln  ii  be  iji;i<!('.  ,4inl  till'  s;iin<'  iin'ii  \vi!l  Im-  ijjivrii  .in  opport niiit v  to  m'.e,  l»y  si;;]it in;;, 
hiin'  far  tlit)  line  itaa  been  thrown  iruiu  iho  biiiiH-eye.  Tiiia  of  uouiiie  would  be  the 
practical  dedeetion. 

TheoSif'pr  hi  rhrTr|;i»  of  the  ^un  will  verify  all  |i<>ijitin;;. 
4.  Tile  elevatiuiiK  will  be  givou  just  before  tiring  by  the  cbiet  of  piete,  tinder  the 
iiiiine^iiate  Baperii)teu<ience  of  the  oiticer. 
•').  The  gnnner  willarljiist  th.*  i  lci d  i^  pniiierBon  the  win-  nnd  in  the  vent. 

The  chief  of  piece  will  Uusi  the  rail  todeterniinu  ii  cuil,  and  will  uianipalate  the 
♦xplodiiig  apparatus.  • 

After  the  lirst  tire  the  eaptain  may  call  ou  any  of  the  men  to  do  the  initial  poiut- 
itt;,'.    (To  l>e  verified  as  in  the  firnt  tin*.) 

lu  ovi5i\>  iustancc  the  deflection  allriwauce  given  lor  the  opeuiug  lire 
of  each  da>-\s  practice  brought  the  shot  close  to  the  line.  The  oluuige 
of  both  the  direction  and  force  of  the  wind  were  olosel^'  followed.  This 

wa.s  the  more  notable  from  the  fivct  that  at  times  the  velocity  was  con- 
siilerable  and  variabln.  ( "banges  in  dctli'C'tion  albtwancc  of  as  much  as 
30  yanl8  bijtvvct-Mi  ronsbcutive  rounds,  and,  in  one  iiiBtancej  of  23  yardSi 
*fter  the  first  pointing,  before  tiring,  gave  good  results. 

ELXOTBICAL  FIBINe  AFPLUNOXa. 

£XPL01>EK^. 

The  guns  were  tired  by  means  uf  the  Laflin  &  Itand  *•  niapjneto  ex- 
pj'xlers  No.  3,"  purchased  by  miflioiity  rtMMivcd  rr<nn  the  Chief  of  Or-d- 
iiiiice,  and  an  experimental  ox]>I(»d('i-  It)aiM'(l  to  iis  loi  tiial  by  the  Ladin 
^  Itaud  Company.  Both  worktnl  satislactorily.  The  experimental  ex- 
ploder was  es^utially  a  small  dynamo  machine,  the  armature  of  which 
WMreyolved  niiridly  by  a  spring  and  clock  work.  It  was  necoAsary  to 
wind  np  the  clock  work  for  each  time  of  firing.  A  key  being  pressed, 
a  If  tenr  was  rrloasnd,  and  the  armature  was  made  to  revolve  ra[>idly. 

i-iie  uiuveimMit  of  the  tirin<7  k(»y  was  continued  [and  when  fb**  <*!ir- 
Ttsut  generated  was  at  its  maxiiniiiti]  it  Wkm  shunted  into  the  Ltun^  cir- 
cait.  ^e  instrnment  waj«  more  ootnpact  than  the  other  form  of  ma* 
Cbins,  weighing  16  pounds  less,  and  being  only  5^  by  5  by  3^  inches  in 
or  about  one-tifth  the  dirncn-ioi  -  of  the  other.    In  its  ])rcs(Mit 

rill  It  is  more  liable  to  ^i>t  out  of  order  than  No.  3  machine^  but  rt>- 
'imvB  less  practice  to  use  it  with  certainty  when  in  order. 

ooKnucnara  wibbs. 

Three  kind.s  of  double  comluctur.s,  cables,  were  nsed  in  the  firinor. 
Of  these,  twocoihi  (Nos.  1  and  2)  were  given  to  me  for  experiment  by 
Mr.  0.  A.  Hotohkiss,  general  agent  of  l£e  Day  Kerite  Gable  Oonipany, 
and  Xo.  3  was  made  for  our  work,  the  order  and  pnrchase  of  same 
Jiavfii^'  been  authorizer!  l)y  the  Thief  of  Ordnance. 

Tile  No.  1  coil  consists  of  two  coiiductors.  each  a  No.  IS  ]i.  W.  G.  cop- 
per wire  insulated  to  six  thirty-seconds  ol  an  inch,  laid  u))  with  two 
conis  of  jnting  for  ronnding  and  protection,  all  being  finally  covmd 
with  tarred  taping. 

It  has  been  in  use  for  two  firing  seasons,  has  bem  kej^t  in  a  damp 
casemate  withotit  particular  care,  hns  been  exposed  both  fo  hot  and 
odd  weather,  and  apiiears  to  be  as  good  as  wheu  received,   it  is  very 
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light  an<l  useful  for  many  purposes,  particuhul}  v,  Immp  it  is  desired  to 
Are  only  a  single  guu.  It  i»  uot,  liuwever,  as  Huxibie  aud  stroug  as  tbe 
iS'o.  3  cable. 

No.  2  oabie.^ — ^Eaoh  eoadaetor  is  made  of  seven  strands  of  No.  6  B, 
W.  G.  copper  wire,  insalated  to  thirteen  thirty-secouds  of  an  iiioli,  laid 

up  with  cords  of  jntiiiL'  nnd  wrapped  with  two  layers  of  tajH*. 

This  roil  was  desijiiu'd  to  ni\  e  an  extr(»nH»ly  low  resistance — a  mntter 
oi  uijpurUiuce  where  a  large  number  of  guns  are  to  be  tired  iu  vollfysaiid 
the  cnrreDt  available  for  ignitioo  of  tbe  primera  is  limited.  This  cable, 
althoa^b  somewhat  cuDibersome,  is  not  too  much  so  for  the  purpose  de- 
signed, as  it  is  to  be  iisimI  in  permanent  works.  The  resistanc*?  of  the 
round  circuit  (equivalent  to  a  sinjjle  len  jili  of  .''>()()  yards)  is  only  0.36 
ohm,  leaving  thus  a  wide  margin  for  lauils  iu  primers,  &,c. 

No.  3  cable.--^Thi8  wire  was  designed  with  a  view  of  seenringr  the  re- 
sistance due  to  a  single  X«>.  14  copper  wire,  with  increased  flexibility 
and  strength.  It  was,  therefore,  made  of  six  No.  21  B.  W.  G.  copper 
wires,  on  a  No.  20  B.  W.  G.  steel  core,  which  last  wns  introduced  to 
secure  additional  strength.  The  insulation  covering  was  of  seven  thirty- 
secouds  inch  Kerite  j  the  two  conductors  were  held  together  aud  cov. 
ered  with  two  layers  of  braided  and  tarred  sail-threads,  to  give  ample 
protection  to  the  insulation  from  such  rough  usaiceasitisliable  to  meet 
with  in  actnal  stTriee.  Our  limited  oxperience  with  this  indicates  that 
it  will  do  all  that  can  be  required  or  expected,  and  it  is  in  every  way 
serviceable. 

BLBOTBIOAL  PBDCBRS. 

The  electrirnl  ])rinn'rs  fnrnislied  (Frankfonl  Arsennl  of  1ss:>i  lt;ive 
thus  far  been  more  .^aiislactory  thau  any  others  which  1  have  seen  used, 
issued  by  the  departmeut* 

There  has  not  been  a  single  £»ilnre  to  ignite  in  those  tried.  In  no 
case  has  there  been  a  failure  to  ignite  the  cartridge  and  dischar;>e  the 
piiTO,  a]rh<>n<r!i  twice  this  was  the  'Jd  inch  Uodmnn  srnooth-borej  where 
the  disianri'  from  tiie  |)rnner  to  the  eaitridp^f*  was  L'O  inches. 

It  is  parucuiuiiy  imi>ortant  to  have  reliable  primers  of  unijorin  re- 
si^taime  and  genHUven^n  for  volley  firing.  The  importance  of  this  man- 
ner of  deliverin*;  fire  npon  any  enemy  cannot  be  overestim<ated  It  is 
desirable  to  make  pormanont  Mi  vrmfremoTits  of  wires  and  attach morits 
upon  gun-carriages,  so  that  any  oi  all  guns  of  a  rjiven  battery  may  be 
connected,  and  so  that  the  fire  of  a  single  guu  of  the  series,  owing  to  the 
greater  sensitiyeneBS  of  its  primer,  or  the  Mlnre  of  one  or  more  primera^ 
need  not  prevent  the  fire  of  other  guns  of  the  series.  Some  appliancea 
to  accomplish  the  foregoing  have  been  made,  but  m^t  yet  tested. 

It  is  proposed  to  complete  these  and  arrange  tht  six  UK)  ])ound  Par- 
rotts  in  the  barbette  battery  of  Fort  Wadsworth,  so  as  to  test  them. 

For  volley  firing  at  movable  targets  a  voltaic  firing  battery  would  be 
better  than  the  exploders  described,  because  this  may  be  arranged  ao 
that  the  gnuR  may  either  be  fired  inst;intly  upon  the  touch  of  a  key,  or 
it  may  still  be  arranged  so  as  to  fire  at  the  expiration  of  a  definite  period 
after  the  firing-key  is  touched. 

When,  as  will  eventually  happen,  guns  are  worked  by  dynamo  elee- 
trical  engines,  such  separate  firing  appliances  wilt  not  be  required. 

In  view  of  the  large  masses  of  modem  guns  aud  carriages  and  the 
great  speed  of  modern  vessels,  it  is  olnMons  that  oth«T  than  manual 
powder  will  he  required  t-o  manipulate  the  guns  with  sntlieient  facility. 
Three  means  are  available:  all  are,  however,  dependent  upon  a  central 
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eonroe  of  steam-power.  The  three  are  steam,  compressed  air,  and  elec- 
triei^.  The  first  two  demiind  loug  pipes  which  mailt  necessarily  be 
f^xposed,  and  if  broken  cannot  be  readily  and  quickly  repaired.  Tlie 
other,  eleetrif'ity,  coiivevod  by  f-nbles,  appf^ars  more  praetieable,  as 
the  cables  can  be  easily  and  quickly  repluixd.  Besides  this,  a  large  re- 
serve of  power  may  be  stor(;ji  up  iu  secondary  batteries,  providing  for 
the  accident  to  the  ateam-en^ne  operating  the  dynamos.  The  motors 
to  be  used  at  the  gun  are  relatively  small  and  eiiaily  replaced.  A  motor 
givifijr  S  horse  power  li  i  ^  hecti  Tnnde  weighing  only  350  pounds.  The 
maxiiiiinii  p(>wer  n  (pnn-d  will  not  exceed  -t  horae-i)ower. 

Hydraulic  machinery  is  obviously  estieutially  at^objectiouabie  as  either 
«t«un  or  compressed  air.  It  fa  possible  tbat  the  latter  may  l>e  used  by 
having  charged  reservoirs  sent  to  the  gnus  from  a  oeutml  source  and 
attached  to  the  motor. 

Ill  all  cases  the  machinery  should  be  of  such  ciiaracf*'!'  us  to  cnablo 
the  person  sighting  to  make  the  requisite  movement  rapidly  by  a  t<>uch 
of  the  finger. 

TAIUHBTS. 

It  has  caused  much  difticult  N  to  anchor  our  target  jsocurply  with  the 
facilities  available.  The  wind  and  tide  would  cause  the  target  to  drag 
its  anchor  very  frequently.  An  attempt  to  plant  a  secure  tinoborage 
for  mooring  the  target  resulted  in  the  buoy  and  rupe  being  stolen,  and 
the  cast-iron  skids  used  have  not  yet  been  recovered.  Finally,  on 
yovemhcr  16,  the  target  lloatod  off  to  sea,  dragging  a  Li()(»  pound  anchor, 
which  had  been  borrow^ed.  Neither  the  target  uor  anchor  were  recov- 
ered. 

In  view  of  this,  I  would  respectfully  recommend  that  steps  be  taken 

to  secure  three  permanent  anchorages  for  future  use.  These  should 
be  at  ranges  of  about  2,700  yards,  and  3,700  yards  between  the  two 
quarantine  islands,  for  practice  wiih  the  large  smo(»th  Uoie  guns,  and 
siege  guu  rifles  from  Fort  Uamilton,  and  one  at  a  range  of  about  5^00 
yards  off  Coney  Island  Point,  for  practice  with  the  rifle  guns  from  Port 
Wadsworth.  The  anchorage  should  consist  of  heavy  stones  with  a  long 
spar-bnoy  attaclied  by  chain  in  ^nch  a  mnnn*'!-  aato  make  it  difficult  for 
the  Junk  thieves  of  the  liarbur  to  8(i*al  tlit-  same.  Such  siiar-buoys 
could  be  easily  approached  by  the  launch  or  tug  towing  the  target. 

To  handle  easily  an  anchor  sufficiently  heavy  to  hold  the  target  un- 
der aU  eitenmatonoea  of  wind  and  tide  would  involve  the  necessity  of  a 
larger  boat  than  can  be  obtained  and  also  a  larger  crew  than  can  be 
spared. 

Besides  this,  a  larger  boat  could  uot  always  apinoach  the  anchoring 
place  with  or  for  the  target  at  all  stages  of  the  tide,  and  a  target  can- 
not be  left  out  overnight  without  endangering  passing  vessels.  The 
S^r-buoys  will  therefore  be  the  more  possihle  solution  of  the  difficnlty. 

It  will  be  necessary  to  consult  with  the  Light-Hunse  Board  as  to  the 
location  of  these  spar-buoys,  in  order  that  they  may  not  interfere  with 
navigation. 

XOYABLB  TABGBT8. 

It  is  desirable  to  practice  at  a  movable  target  as  soon  as  a  fair  de- 
cree of  efficiency  has  been  attained  at  a  stationary  target.  Attached 
hereto  is  a  sketch  of  a  target  given  in  a  paper  on  artillery  practice  in  - 
iJoik  Ilaibor,  by  Capt.  R.  A.  Montgommery,  R.  A..,  published  in  Xo.  5, 
vfdiiine  11',  of  the  Proceedings  of  the  Royal  Artillery  Institate  (Fig.  2, 
a  and  b  Plate  I.) 


Digitized  by  Googlc 


118 


REPORT  OF  TH£  CHIEF  OF  ORDNA£)C£. 


<<The  nature  of  the  target  used  will  be  easily  understood  ftom  tlie  two 

drawings,  which  are  takeu  from  sketches  kindly  ina<1e  for  this  paper 
by  T.iciit.  F.  Boshe^  B.  A.,  the  atyataut  of  the  Bojai  Artillery  in  Cork 

Harbor. 

"Deal  plauks  of  scauiliui;,  A  by  10  incbefi  were  used,  and  it  was  made 
by  the  coxswain  of  the  B.  A.  boat,  the  material  being  obtained  from  the 
ordnance  department. 

**Thp  rope  was  t'tsrcucd  vnderneath  the  frnme-work,  so  th;'.t  wlicn  tlie 
strain  came  the  tendency  would  Im-  to  make  the  nose  of  the  target  rise 
iustead  of  burying  itselt,  wliicli  would  be  the  case  if  the  rope  were  fast 
ened  on  the  npper  sorface.  The  stone  shown  haogi  ng  in  rear  acted  as  a 
counterpoise,  helping  to  lift  the  nose  of  the  target. 

**  It  was  fonnd  on  trial  that  even  wlien  niovinir  at  S  to  lOl^nots  an  li<»nr 
the  target  showed  no  inclination  to  tow  niicU'i  .  Th<' actual  rate  duiinii' 
practice  wa^  J  to  4  knots  au  hour.  The  ropo  used  was  a  coil  of  1^-incU 
tarred  rope,  a  length  of  80  to  100  yards  being  let  oat  daring  practice. 
When  testing  the  target  as  much  as  150  yardH  was  let  oat  withoat  iu 
any  way  affVctirt^'  tin*,  steadiness  of  the  tar^-et." 

The  ski'tcli  ajipears  to  give  a  snital)lo  toiin  for  our  use  wln  n  we  have 
more  reliable  projectiles,  but  with  the  older  ritle  projectiles  available, 
liable  as  they  are  to  strip,  wabble,  and  tumble,  it  might  not  be  com- 
fortable for  the  occnpants  of  a  tog  towing  a  target,  eren  if  removed  100 
or  200  ynrds. 

1  would  suggest  that  the  target  be  so  arranged  as  to  move  freely  nn(hT 
actiou  of  both  wiud  and  tide.  Although  this  might  uot  be  as  dilheuit 
as  firing  at  a  vessel  moving  at  fbll  speM,  it  woakt  answer  for  oar  initial 
eiForts  and  prepare  the  way  for  doing  good  work  when  better  gnns  and 

projectiles  can  be  provided. 

For  practice  against  a  moving  target,  I  would  always  consider  it  de- 
sirable to  tire  in  volleys  of  not  less  thau  four  guus. 

0RADUATION  OF  TBAYSB8B  OIBOLBa 

As  preparatory  for  this  work  it  will  be  tn^cessnry  to  gnwluate  the  tra- 
verse circles  of  the  gun  to  be  used.  To  *lo  this  to  the  requisite  degree 
of  sniallness  of  graduations  would  involve  au  immense  amount  of  labor. 
1  woald  therefore  suggest  two  methods  of  accomplishing  the  desired  re- 
snlt,  viz : 

1.  Graduate  tho  tr  n^  rse  oirrh  s  to  every  five  degrees;  have  a  point- 
ing-board, similar  the  oiie  previously  described  (see  page  II4\,  having 
five  degrees  subdivided  to  any  desired  suiailnessof  angles.  The  board 
IS  placed  so  tliat  the  extreme  graduations  of  the  pointing  hoards  coin- 
cide with  five  decree-points  on  the  traverse  circles  nearest  the  desireil 
angle.  The  carnage  is  then  traversed  ntitil  the  pointer  on  the  chassis 
is  at  the  desired  sub<livision  of  the  point  iuLr  lward. 

In  order  to  give  the  pointiug  board  stability  when  placed,  two  power- 
fhl  bar-magnets  might  be  attached  at  the  extremities  of  the  board. 
Coming  in  contact  with  the  iron  travert^e  circle,  the  magnets  would  hold 
the  b«»ard  in  p  osition  until  it  is  desin d  t«»  shift  it. 

2.  Graduate  the  traverse  circle  to  (U';jri('es.  Attach  near  to  the  rear 
traverse  wheel  a  beveled  plate  firmly,  but  so  that  it  may  be  ailiusted, 
which  shall  just  clear  the  rear  traverse  circle.  It  is  to  be  subdivided 
to  the  smallest  fraction  of  degrees  required  for  use. 

In  view  of  the  iniiteifeet  eliaracter  of  the  carriages  in  use — i.e.,  the 
play  of  the  gun-cairria^^e  on  the  chassis — it  will  be  necessary  to  mark  on 
the  traverse  circles  points  of  reference  where  the  index  on  chassisshould 
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come  wlu  n  snin  is  siffhtpd  u|)on  some  weii-defiiieil  i>tjriiiaueul  object. 
The  gun  beiug  run  battery,"  it  is  sighted  upououe  of  these  poiut«, 
and  either  the  index  error  noted  and  oaed,  or  ^ne  the  position  of  the 
index  be  correct«  'l.  For  eadi  battery  a  gun  shall  be  indicated  as  the 
"dirrotinir  g\m."'  To  tlio  cnrrintrf's  of  tin'  other  jrnn<?  to  be  tired  with 
it  ill  volley  atabh-  should  he  ;itt:u'hed  ;iiviiii;  the  diU'cnMu-eof auf^k  s  he 
laid  off  iu  order  t4i  obtain  convt^nttatiun  ol  hre  at  diliereui  lauges.  iiius 
when  a  given  angle  is  noted  on  tho  trareme  circle  of  the  directing  gun 
the  gonners  of  the  other  pieoes  will  add  or  unbtnict  from  thin  angle  the 

amount  requin'd  for  tlie  j)roposfd  r;iTi<re  of  t!>e  volley. 

To  insure  i)aralh  lism  otallaugU's  on  ti  MVi-rse  circles,  it  is  proposed  to 
make  the  initial  zero  lino  a  true  north  and  south  line,  the  zero  beiug.it 
l^e  north  and  the  readings  benigeontinnonsto  360^,  to  avoid  chaucea 
of  a  gan  being  traversed  to  th(>  right  when  left  was  intended,  and  vice 
reitta.    Tt  will  also  simplify  needed  directions  to  cannoneers. 

The  ruliugoi'this  paperis  nf)rth  a?ul  south  f  ftieridian  hue),  north  being 
toward  left  margin.   Three  e.xauiple^  lire  indicated  : 


To  saooeBaftiUjr  execute  such  firing  it  will  be  necessary  to  point  the 
directinjr  .trnn  some  dlstainte  in  a<lvaiiee  of  the  raovinjx  tarjret  in  tlie  liae 
of  it«  inobable  uioiion,  and  give  litne  for  tho  placemeut  of  tlie  oUier 
gaos  in  corresponding  directions.  The  gunner  of  the  directing  gun 
allows  CO  his  sight  fbr  wind  and  drift  and  the  displacement  of  the  vessel 
dnring  the  probable  time  of  flight  plus  a  small  period  of  time  which 
experience  has  indicated  is  ivquisite  for  rh'  gunner  to  remove  his  sight 
firom  the  gun  and  get  out  of  the  way.  iiaving  so  a^^usted  Ids  sight, 
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whou  the  target  is  ou  the  mtdial  iiae  ot  sight  he  touches  a  ke>,  wiiich 
ia  connected  with  an  electrical  firing  cunent,  so  that  the  dicnit  may  be 
closeil  at  the  expiration  of  the  period  fixed  u])oii. 

Ill  tlio  telescopic  sij^hts  being  constructed  the  gunner  is  ;ifl"orde<l  tho 
inPHn«!  of  aHcertaiuiusr  within  a  few  seconds  the  aii.irnlin'  displawnient 
of  11  Jiioving  targetduriug  tlio  jirobable  time  oi  liigkl  ol  the  projectik'*, 
expressed  in  terms  of  the  defieetiou  scale  graduations. 

The  giadnation  of  the  traverse  circles  will  be  yalaable  for  oee  at 
night  and  when  the  field  of  view  ia  obsonred  to  the  gannera  by  emoke 
or  otherwise. 

This  involves  a  y»erff»ct  syisLciii  of  rauge-lindin;;  in  eoimoctiou  with 
dividing  a  harbor  iulo  suitable-sized  squares,  i^c.  iSaah  work  cauuot 
be  done  aaooessfhlly  except  with  carriages  so  perfect  tbat  when  ran 
fully  *Mn  battery''  the  gun  shall  invariably  occupy  the  same  relative 
position.  (See  Appendix  B.) 

TIMES  OF  FLIUHT. 

The  times  of  flight  were  taken  at  first  with  the  Aubnrudale  stop 
watrlies,  jjiving  readings  to  oue  eighth  of  a  second.  HaeinLr  V>«'en  as- 
suieil  lli.if  watches  reading  toone-teiith  of  a  second  eouhl  lKM>btaiiied, 
uo  immediate  purchase  was  made,  although  authority  had  been  granted 
by  the  Chief  of  Ordnance  for  the  parcbase  of  two.  Meanwhile  the  man* 
nfacturers  (Anbnrndale  Watch  Company)  had  failed,  and  the  eighth* 
of-second  sto])  watr  ]ir  s  !iad  to  be  returned.  tifGorts  are  still  being 
made  to  secure  the  teutU -of  second  stop  watches. 

It  became  ap]>areut  tiiat  times  of  flight  obtaiued  by  stop  watchcii 
alone  (except  by  experts)  were  not  always  reliaUe  or  antform,  as  so 
macli  depended  npoa  the  personal  equation  of  the  observer  and  the 
immediate  snrronnding  conditions. 

Tlie  ditheiilt.v  lay  prineip:jl!y  in  ohtuiniiig  the  tnitiai  moment.  For 
this  reason,  where  tlie  firing  is  b.v  ele<5trieity,  and  particularly  if  a  vol- 
taic tiring  battery  is  used,  the  times  can  best  be  attained  by  a  clock- 
worli  or  register,  the  iniHal  moment  being  determined  by  the  breaking 
of  the  circuit  of  the  electrical  primer,  andthe^A'^mi  movement  by  an  ob- 
server. The  resnlts  will  be  more  reliable  if  this  observer  is  located  at 
some  distau«  e  from  the  gun.  His  momentarv  ]>er«onnl  equation  !nay 
be  registered  eaeh  time  upou  sceiug  the  Jlash  ot  ihe  guu,  and  thus  af- 
ford a  correction  for  the  time  of  record  of  the  last  event.  Whilst  the 
siiiall  element  of  time  involved  may  not  be  of  much  practical  importaooe 
for  onlinary  tiring,  it  is  of  value  in  the  study  of  the  i)hysieal  phenomena 
involv-'d  and  securing  correct  ooudusious  which  may  be  useful  for  ob- 
taining increased  accuracy. 

BANOB-FIMDINCh. 

The  ranges  were  obtained  by  means  of  the  plane-tables  located  near 
the  flag-staffs  of  Forts  Wadswortb  and  Hamilton,  thus  giving  a  base 
line  of  2,151  yards. 

The  stations  were  connected  with  each  other,  and  a  station  m  ai-  the 
guns  fired  by  a  telephone  line.  The  plane  tables  were  desigiMMl  and 
made  at  this  post,  the  Ordnance  Depai  tment  having  furnished  the  ma- 
terial and  auUiorized  the  expenditure  for  the  brass  arcs  and  alidades.  A 
description  and  sketch  of  the  plane-tables,  <^c.,  by  Lieut  A.  C.  Blunt, 
Fifth  Artillery,  is  given  in  Appendix  A. 

The  plane-tables  being  in  exposed  position,  without  shelter,  it  waa  at 
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titues  exceeUiugly  uucouiturtable  fur  those  opcniting  tbein,  and  tlie 
maximmn  aoenracy  could  not  be  expected,  particiilarly  when  the  wind 

vfiiA  blowing  from  40  to  50  luilen  per  honr,  tbe  temperature  being:,  be* 
•sides,  relatively  low.  AVhilst  it  was  extremely  desirable  to  obtain  data 
under  these  exceptional  conditions,  it  was  not  to  be  expected  th?it  it 
.should  be  aji  atjcurate  a.s  it  would  oliierwise  be,  or  if  the  observer  were 
properly  sheltered.  The  following  incident  will  illastrate  the  disiidvan- 
ttkge  ander  which  some  of  the  observatious  were  made: 

The  plane-table  weifjhs  103  pounds.  Arranjjeinents  arc  attached  for 
clamping  it  to  the  stand  nnoii  which  it  is  innnnttMl,  htit  owing  to  its 
great  weight  and  stability  under  usual  conditions  tins  was  oidiuarily 
omitted.  Ou  November  G  the  wind  was  blowing  about  50  miles  per 
hoar,  with  occasional  gaste  of  even  greater  velocity.  The  table  was 
suddenly  raised  from  its  pintle  by  one  of  these  gusts,  lifted  some  dis- 
tance into  the  air,  ;Mid  diopppd  into  oTie  of  the  adj  tt'ffit  trees  without 
injury.  The  alidade  which  was  lying  ou  it,  however,  was  seriously  ia- 
jured. 

In  view  of  this,  of  the  desirability  of  being  able  to  work  nnder  adverse 
conditions  of  weather,  I  would  resi>ect fully  recommend  that  a  Bni table 

bousing  be  constrtictrfl  for  the  plane  table  stations.  This  would  be 
useful  not  aloiit'  for  tln'  tiring  observations,  but  also  for  trt^ckiii;:  ves- 
sels, to  whiclt  i-eierence  will  be  made  hereafter.  A  suitable  covcriu^^ 
will  make  it  less  diffioalt  to  use  the  telephones,  which  were  haidly  audi- 
ble when  a  wind  was  blowing. 

M£A2(8  OF  GOMMUNIGATION. 

The  telephones  used  were  both  the  Signal  Service  Crown  telephones 
and  the  Bell  telephones,  with  I>lake  transmitters.  These  last  gave  the 
best  results.  But  for  this  worU,  when  it  was  (Ic^it  MMc  to  transmit  in 
such  manner  as  to  leave  no  room  for  doubt,  the  ti;lepiiones  were  not  al- 
ways satisfiict<)ry.  It  is  important  to  transmit  in  such  manner  as  to 
leave  a  permanent  record.  It  is,  therefore,  proposed  to  experiment  with 
a  pair  of  Welch  &  Anders's  printing  telegraph  machines,  and  a  pair  of 
ordinary  Morse  registers.  These  ]>rinting  telegraph  instruments  are 
operated  by  means  of  a  dynamo  worked  by  a  treadle.  They  are  similar 
to  a  sewing-machine  in  mounting  aud  appearance,  and  have  a  key  board 
for  transmitting.  The  messages  are  printed  at  receiving  stations.  The 
telegraphic  communication  facilities  between  the  two  ijosts  are  due  to 
the  Baltimore  and  Ohio  Railroad  Company,  which  has  tliree  seven-core 
cables  laid  at  the  **  Narrows,"  tlie  terminal  landings  in  the  Oovcrnnient 
reservation,  in  view  of  this  the  company  has  given  for  our  exclusive 
noe  one  core.  Besides  this  they  have  put  np  for  as  a  large  proportion 
of  the  telegraph  linos  needed,  not  alone  for  the  transmission  of  angleS| 
bat  also  for  nse  in  connection  with  anemometers,  &c. 

TliACKlNG-VKSSKL  DRILL. 

The  necessity  for  tracking- vessel  drills  as  a  ]>repnrntion  for  firing 
work  wa<*  made  apparent  by  the  delays  occurring  at  times  in  tlie  range- 
findiug.  It  is  respectfully  recommended  that  frequent  exercises  be  held 
in  tracking  vessels  and  judging  distances.  (See  Appendix  B.)  These 
exercisi's  jire  not  aloiu*  valuable  iu  themselves,  but  afford  excellent 
training  for  rapid,  practical  work  in  range-finding  during  firing. 

Appendices  C  and  D  give  methods  of  work  for  tracking  vessels  aud 
range  iindiug  daring  artillery  praetice.  ' 
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It  will  be  extremely  useful  in  couuectiou  with  the  iustruotion  in  this 
work  to  give  the  instraction  in  the  use  of  the  Pratt  raiige-ftnder,  com- 

paring  the  results  obtained  with  those  obtained  by  the  plane-tables. 

yotwithstaniling  tin*  few  exerciHps  had  iis  t!';M  kinjr  v<^F«'<'l  drills  con- 
siderable aptitude  and  skill  was  displayed  b.y  .sDine  ui  ihose  participat- 
ing. On  one  occasion  at  least  sixty  consecutive  observations  were  made 
Within  thirty  minotf^s,  an  average  of  one  observation  for  each  (30)  thirfy 
seconds.  Tiiis  will  be  better  appreciated  when  it  is  understood  that 
eafli  eomph'ti-  observation  involvi  s  tlic  renclift;^  ;>nd  transnHssh»!>  fiom 
thu  auxiliary  to  the  plotting  station  h\  telephone  of  an  ai'gle,  its  plot- 
ting on  the  plane-ta'jle  of  the  plotting  station,  recording  angles,  and 
noting  time  and  range. 

DBTIATION  OBSBBYATIONB. 

As  the  splash  made  by  a  slioi  upon  striking  water  is  sometimes  very 
large  and  variable,  the  locus  obtained  by  the  two  obsei  vers  does  not 
always  aecord  in  direction,  relative  to  the  line  of  fire,  with  that  seen  in 
rear  of  the  gun.  A  transit  was  therefore  placed  as  nearly  in  rear  of 
tlii'  ^x^m  as  possible.  In  no  siu^lr  in.stnnee  did  tin-  shot  strik»'  so  l':tr 
out  of  the  line  as  to  pass  out  of  the  Held  of  the  trausit  except  wheu  the 
projectile  tumbled. 

A  transit  is  heing  eonstmeted  for  onr  nse,  the  pnrchase  having  been 
authorized  by  the  Chief  of  Ordananee.  It  is  pro]iosed  to  place  a  gradu- 
ated di;i]dira^m  in  the  eye  piece,  so  that  the  observer  can  read  dirt'clly 
th<»  ainounr  of  dcdpctioii  witliont  necessity  of  moving  the  instruiticnt  or 
stopping  to  read  external  graduations.  This  diaphragm  is  removable, 
and  will  not  int«>rfere  with  the  oitlinary  uses  of  the  instmment.  Th& 
graduation  will  be  in  spaces  of  3  minutes  27  seconds,  equivalent  to  .001 
of  range.  The  observer  will  be  able  to  estimate  values  of  intermediate 
points. 

SXBOUTITS  AND  BBOOBD  BXJUNK  POHMB. 

To  facilitate  the  executive  work  involved  duriiiLr  rlie  artillery  practice, 
and  to  insure  accurate  compilation  of  theph.vsieai  data  obtained  by  the 
different  observers,  as  well  as  to  secure  finally  correct  record  of  all  tho 
events  involved  for  future  study,  the  Ibllowing  blank  forms  were  pre- 
pared, viz  (see  Appendix  E) : 

Mu.  1.  M«Mnor>in(1:t  for  the  OOmiBAIldillg  officer  of  Ihi'  i!t;l:iil.s  of  thfi  propoAiMl  lit  iiif^. 

No.  2.  IiiNt  riict  ioas  lo  the  pout  qnattermaitter  of  services  and  mitterial  ref^aired  irom 

bis  »i»!i»nr(,nn'iit. 

No.  3.  Insti  uctionii  to  the  poet  ordnanoe  oflloer  of  the  ffuns,  amaianition,  and  nm> 

terial  rcqnin-d. 

No.  4.  Di^tiiils  rt'(|nii«'<l  from  u  battery. 

No.  5,  Data  to  hr.  iiottnl  I'n  <);!ii  or  in  clmrj^i?  of  gun. 

Nu.  a.  Deviation  olitiorvations  of  trnu.sit  in  roiir  of  guQ. 

No.  7.  Wind  velocities  and  direction  porr<*,8ponditiK  to  each  round. 

N".  8.  Pl.tih-  1;iMf  uncles  dnriufx  firinj;. 

No.  9.  Pluuo-tuble  angleH  of  tbo  tiring  p«rtaiuing  to  each  battery,  auil  trausroittod 
to  battery  eonnDaiiders  at  the  oTosa  of  the  eeafton's  firing  for  plotting. 
No.  10.  PIau(>-t.iM<  iniglt's.rnngp,  tioie,  and  speed  record  for  traoSiDK-veMcl  drills. 

No.  11.  Jtidj^in;;  distauce  aud  Hpt  cd. 

No.  12.  Memoranda  farnished  bv  ofticpr  Hupprvisi!!  *  Hrinji  to  oflBci  rf;  in  cliisrfris  of 
Kin:-.  l;u  iiiLT  'b  tails  of  ran^eat  pToWblo  elovalioii,  wiud  Vi*l<M;ity  and  direction,  ^o.. 

No.       Can!  of  i  tint  ruction  roiiardini;  «l<n'Ttinii  iillow5in«t'«  tor  wind.  -Scr. 

Xn.  M.  y>>T'",  Mf  Jiriu;;  record,  i'oth  (»f  book  a.id  for  t  rniwmiasinn  toChtff  of  Ordnance, 

No.  15.  Judging  velocity  of  wind. 
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Tlie  fuUowing  drealar  was  issued  with  reference  to  tbe  couipauy 
fecords,  &o.: 

FOBT  BAMILtOy,  MXW  TORK  Haroor, 

Decmbern,  1883. 

|AfUlkf7  Clxevtw  Ko.  1.  J 

I.  Reoorda  of  art  i  I lery  fniag  to  be  tr»namittod  by  battery  oonunandeis  will  oonfonni 

^ith  tbe  form  fumitbeid  for  tuat  purpoBc. 

Tbe  batt^ry-briiijf  record  book  abuubl  altio  be  utodilied  so  as  to  embody  t!»e  form 
and  data  as  given.  Tbecolnmim '*  No.  of  tire"  ;iml  ''nnKulis''  aic  I"  be  omitted  from 
the  records  eupted  iu  book.  After  tbe  reeurtlf*  pertttiniug  to  a  Hiii«;U?  ilay'n  firiiiif,  vh- 
wat  iiueH  isboabl  be  left  for  such  remarks  as  may  be  uecessiiry  to  complete  tbe  biu- 
tory  of  the  dayS  work,  inclmUug  all  incidents  which  are  connected  with  the  extra- 
neous data  obtained  ;  behavior  of  the  guns,  carriages,  and  projectiles.  In  lljis  are  tO' 
b«  iuctuded  rtsmarlu  a>»  to  moditioatinn^  of  meauH  or  metbodt  whioU  aaggeat  tbeui- 
wWes  to  battery  eommanderti  an  a  TPfwlt  of  the  day's  experletifle. 

II.  The  oKsiTvni  iinulrs  pel  i aiiiiii^  fo  flu-  firinu;  <.f  yt.i.r  I>atti  ;  >'  are  hereby  trans- 
nitted.  Tbe  firiu>;  will  bo  plotted  by  meaueof  theite  ou  tbe  trackiug' vessel  chartH, 
whieh  are  also 'ta'animitteil  hfrewltb. 

Care  should  be  t.ikt  ii  to  ilistiii;:iii>h  ou  the  plot  the  firinjjs  of  differetit  dny«  by  dif- 
fereoc©  io  character  of  marka  representing  the  shot.  This  is  particularly  important 
when  the  firing  is  at  targets  nearly  in  name  location.  The  uhi;  of  rod  and  black  ink 
i<  >iif:;jrstf'xl  for  thi^  !>nrpose,  as  wt'l  a:-^  difference  of  sli:ii>f  t»f  nmrlcH.  unch  a-s  cii t  ii  >, 
muren,  and  triangles.  Each  sb«il  should  be  marked  with  the  iiumbt  r  of  daily  hie, 
can*  being  taken  to  make  this  distinct.  The  iiiciii  position  of  tar>;et  should  be  iadi- 
ratt'.l  by  a  rpct.iniclf*  of  about  half  an  iiirli.  with  date  of  tiring  within. 

lil.  i'litj  lioes  of  lire  should  be  given  by  a  dotted  red  lin»%  un<l  the  general  direc-  . 
tion  of  tho  wind  ladloated  by  an  arrow  cntssing  it.    Where  the  wind  changed  a  num- 
ber of  times  a  nnmber  nf  nrmwM  slumbl  be  so  marked,  Indicating  OU  same  in  rod  nu-  , 
xneraJa  the  i  imitst  of  thu  round  to  which  they  pertain. 

Tr  will  be*  seen  from  the  f()r4'<r  "i't'/  tl»at  Tiini  h  carefnl  work  is  roqnireil 
ill  order  to  obtain  the  nmxiumni  1m m  tii  iroin  the  hrin^  ]»ractiee.  It 
demands  a  perfect  coordination  of  w  oi  k  from  a  large  uiiuiber  of  indi- 
▼idaalSy  and  tbe  BjstemizAtion  of  all  details. 

It  neeesearily  entails  a  considerable  tax  upon  the  resources  of  a  gnr- 
nVon  and  may  intcrft^re  at  times  somewhnt  with  its  ordinary  routine, 
itM  inthn try  drills,  and  sm:ill  sirms  t:irir(*t  pnict If.  li<»w('V(»r,  we  ;ire 
to  be  artilicry,  in  fact  as  well  an  iu  uniform  and  othcial  de»ig;uatiou,  other 
work  should  be  subordinated  to  ^  artillery  pniodee  and  instaniotion.'' 
This,  to  be  thoroughly  done,  to  brin^  onrsel\  up  to  the  requirements 
of  modern  warfare,  demands  constant  work,  instruction,  and  studyv 
Whilst,  it  is  trno,  we  are  lackin<r  in  tiu>  Icrn  titi»!i:inr?^s  as  to  guns,  cur- 
riiiges,  ammunition,  &c.|  these  will  be  forthcuminp:,  if  we  exert  ourselvei» 
eufticieutly. 

At  least  single  typical  guns  and  carriages  with  suitable  anunnnition 
sod  appliances  may  be  secured  for  a  post  pertaining  to  cndi  artillery 

rf»^Tn<'nt.  These  posts  could  be  mndc  ''regimental  schools"  oi"  applifii- 
tiou  and  instruction  and  the  c<)m|>auies  thereat  ()tu':isi<Mially  clianutMl. 
An  increase  of  the  gairisons  at  these  posts  will  make  it  more  easily 
praeticable  to  carry  out  a  thorough  course  of  instruction  whilst  increas- 
ing the  number  participating  in  the  advao^igCA. 

It  will  increase  both  the  corps  and  regimental  etprit  de  corps  and 
efficiency. 

It  now  becomes  necessary  that  all  noit  commissioned-officers  and  a 
lar^e  proportion  of  privates  shall  receive  considerable  technical  instruc- 
tion beyond  infantry  drill  and  the  manuals  of  the^iece*  It  would  there- 
^rc  appear  desirable  that  they  should  be  selected  men  and  placed  on  the 
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same  footing  a&  to  pay  »iifl  c:la8fiificatioii  as  the  enlisted  men  of  tbe 
£ngineer  Ckirps  ami  Ordnance  Department. 

Besides  the  work  pertaining?  directly  to  the  manipulation  of  the  guns, 
non  <*'M'i?tiiss!oned  ottiiers;  and  sonic  <»t  tlif^  more  intelligent  privatiis 
shouiti  tM'  iiKstructed  iii  the  ontlinet*  ot  elL'ctrieit.v,  in  it8  applicatiou  to 
telegraph  and  telepliono  lines  and  firing  batteries,  in  receiving  and 
transmitting  messages  by  telephone  and  key  and  sounders,  in  trans- 
mitting  and  receiving  messai^es  by  Hags,  particalarly  in  receiving  mes- 
sages,  iti  the  iise  of  plane-tables  and  other  inst' ii'n.Mif-^;,  &c. 

It  was  tJi»'  !:!('k  of  iiistrnerwl  un-n  vvliieh  lianjpeicd  us  in  the  work 
just  closed  una  dehtyed  the  obluinnicnt  oi'  results  as  to  range,  &c.,  as 
rapidly  as  would  be  demanded  for  effective  service. 

Referring  to  the  importance  of  the  special  instruction  and  training 
whi«  h  shduld  Vu*  ^^'wou  to  artillerymen,  the  following  extracts  from  the 
royal  artillery  instruction,  gold  medal  jjrizc  essay  of  1882,  on  '*The 
Q  raining  ot  Garrison  Artillery  for  the  Attack  and  Defense  of  Fortresses," 
by  Col.  H.  A.  Smyth,  K.  A.,  are  given : 

rXstvaet] 

The  arummetit,  of  wliich  thu  pructicul  haiuliiug  and  application  belong  to  tbe  Brit- 
i8h  jjarrisou  artillerymen,  coni|»reheinl8  tbe  wbole  of  tlie  service,  ordnance — fxvm  the 
nuMuiine-gao,  the  Coehoru  mortar,  aud  the  7'poander  of  150  pauode  veiftht,  up  to  tbe 
17. 72-1  neb  gun  of  100  toim,  film  rockets  ana  band-^nadwi.   The  anthorfced  Uwtm 

allow  AH  kinds  i>f  ritlt d  ]n't'<  cm  ami  fifty  of  Miiootli-lKHi',  both  muzzle  and 

brtHfcb  Myat^Miwof  loading ;  their  auimuottiou  ij»  of  Ui  verse  form,  aud  inoiudea  HI  aorta 
of  fuaett  atkd  10  sorts  of  gun  powder ;  and  tibo  oarrtages  from  wlueh  they  are  to  be  find 
vary  ai  riHn^  to  tlio  natnre  an«l  pnr]>o«r-  nf  rai  b  i>ii'i  <\  under  seven  sppnrate  prin- 
ciples of  construction.  Beaides these  llj^htiug  carriages, special  trauisporting  cam^es 
or  apparatna  in  like  variety  are  neGessary  for  all  the  heavier  pieces  employed  in  lor- 
tress  war friri* :  also  special  tnncbinea  for  sbiftttifr.  mounting,  and  moving  then>,  tn. 
gether  witli  iuMtruiueutA  .in<l  material^  in  tackioa,  timber,  aud  iron,  for  the  conveni- 
«nt  application  of  the  priiii:(ry  lueohanical  powers. 

Fitrthi  r,  fho  charge  nnA  scrvirr  of  mnirazines,  ammunition,  aii'T  stfirea;  the  labora- 
tory Uutic»;  the  use  of  rangt-liudi  r.^.  tt leaeones,  telephoDea, and  lield  telegraphs;  the 
judgment  of  diatancea  and  of  effect  of  tire  ;  tne  baadliog  and  reatoratioiiof  piatfomie, 
recoil  wf  dnrs.  Irvfljiiulic  bufters.  and  ancbctragcs;  oven  the  dealing  on  occasion  with 
hordes  ami  tlieir  humess,  boatn  and  their  gear  (and  iu  thia  iron  age),  the  equipment 
of  rail  and  tram  ways,  all  fall  within  tbe  oftice  of  tbe  complete  garrison  gunner. 

The  reudineiM  in  combined  movements  and  the  state  of  (liscipline  demanded  from 
the  garrist-n  artillerymen  (under  the  aecond  function  of  tratttin^ noted  above)  ioolndo 
coujpetency  for  long  marches,  promjit  ru  tion.  aiiil  pu-rise  formatioiiM;  also  cxpeditioua 
ozeoQtion  of  Msoo^iperarive  part  iu  auy  atatiou,  iu  uuy  of  tbe  parties  serving  tbe 
weapons  and  mnebinen,  above  Indiented.  If  eaeh  man  can  be  relied  on  to  perform  his 
jiiirf  irnliir  duly  liy  day  and  1>\  int:lif,  nnflcr  all  advrrsity  of  (Mr(  tfni>laTir(  s.  wln  tli<  t 
of  hcjitr  cold,  wot,  privatiou,  ditticuliv,  discouragement,  coufusiuu,  cxciteuieut,  or 
danger  from  within  or  without,  according  to  the  ordersof  the  officer  or  non-commia- 
Mioiuid  officr  in  iinfm  diatc  clKir^t'  of  i>;ii  ty,  then  auch  ofTiccr  inav  direct  with  cer- 
tainty the  action  of  tliu  unit  he  conintaiiiis  in  just  concert  wit  li  i  hat  of  others  coofonu- 
abiy  to  the  instructions  he  may  have  receive ;  and  thus  only  may  each  uuit  till  ita 
proper  place  iu  that  scheme  of  a^t  t  iuling  responsibility  by  adherence  to  •wln<  h  arty 
army,  complete  in  its  manifohi  pai  ti^,  becomes  capable  of  working  as  one  whole  to 
oarr«ront  tln^  purpoaeof  ita  general. 

The  mention  of  one  particular  item  of  armament  has  been  relegated  to  this  place, 
becans*'  th«>  weapon  is  often  held  lo  j»ertain  at  least  as  much  to  the  disciplinary  edu- 
cation as  to  the  service  eqaipuienr,  of  garrison  artillery,  viz,  the  carbine,  or  other 
rtded  small-arm,  to  be  borne  by  each  individaal,  as  is  the  regular  uosket  in  tba  in> 
ftintry. 

CoiictM  niii^  this  weapon  it  i  -  inlw  olint  j  vrd  tliai  tin- (■irt  ninslaiices  arc  liardly  con- 
ceivable, iu  fortress  warfare,  wherein  it  could  be  desirable  for  tbe  gunner  to  desist 
from  the  service  of  tbe  gone  and  em))loy  his  carbine  agaimt  theenemy.  In  the  inter*- 
et*ts  of  flic  interior  economy  of  camps  and  !^:irri«.ns  it  m.iy  be  well  tliat  h*'  f^hould 
still  undertake  the  ordinary  guard  of  his  owu  quarters,  parks,  magazinea,  &.c.,  and 
for  such  matters  of  eonvenienoe  ihe  eatablishment  of  a  very  small  proportion  of  car- 
bines with  the  haadqnartars  of  eaeli  battery  would  provide ;  bnt  in  the  alEftira  of  way. 
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tht>law  limttliti  ui  tillur.viuaa  hv^l  serves  the  purposeof  tho  wlioleto  which  be  belongs 
by  giving  himself  over  completely  to  liM  artillery  duties,  aasuted  of  just  faotoetlon 
therein  by  the  actiot:  of  the  other  anns,  mast  be  pjuraiuount. 

If,  iLeti,  th»«  urtillery  cnrbine  cotiiOM  to  be  reoognized  as  ftu  Instrument  for  the  pur- 
port's, not  of  active  service,  but  rather  of  domestic  training  (inasmucli  as  there  re- 
wilta  from  its  exercises  and  ooatody  »ud  carriage  in  paradea  and  in  maneuveni 
with  other  trooits,  a  fairly  erident  offiBcton  the  bearin?  and  anparentdi Helpline  of 
the  indiv  iiliKih.  it  imi^t  l.r  .'xiMTti-.l  licit  tlx'  kiinl  of  s[iii  't  (1<-vi'Io]»e»l  by  its  use  will 
prove  to  bo  more  suitablu  to  the  routine  of  peace-time  than  to  the  Btreasesof  war. 
Traditional  enatom  in  tb«  matter  of  anperriaion  would  no  doaht  undergo  soma  do- 
r;in;;enieiit  by  Mi«^<  III  r;i!  u  ithdrawal  of  the  carbine  from  the  garrison  artillery; 
marching  past  would  be  less  eli'ective  to  the  eye  than  heretofore;  periodic  innpection 
tvoidd  aee  the  gunners  "on  the  gnn^"  rather  than  *'ander  nrniH,"  in  the  reality  of 
shell  practire  rnther  than  in  the  dumb-show  c»f  nnisketrv  exi'n  is("^ ;  but  the  display 
of  ability  would  be  more  genuine,  the  effect  more  practicnl,  aud  the  n»en,  relieved 
from  Bapererof^atory  lemona,  would  devote  a  fuller  and  heartier  energy  towards  the 
m!l^tery  of  their  proper,  md^f  weltfhty  \>-t  sonu'titne**  more  lij^htly  regarded,  duties. 

So  the  garrison  uiulleiy,  a  sptsciiii  ;u m  ot"  foi  iru.sii  was  laru,  would  indeed  become 

leKs  iolerohangenble  with  other  arms  as  it  progressed  in  the  developments  di*  its  own 

peculiar  powers;  following  therein  the  universal  order  of  evolution,  by  which  all  the 

branches  from  a  parent  stem,  the  more  they  advance  toward  perfection,  become  the 

more  definitely  durkinoi. 

•  •  •  •  •  #  • 

Tlaoaghont  the  firing  intermptiona  dae  to  veiaeU  p«8lag  near  the  lino  of  flro 
iddmn  esoeeded  five  mmntea. 

MILITIA  ABTILLEBY  IKSTEUCTION. 

As  in  ease  of  foreign  war  the  first  troops  required  would  probably  be 
a  larger  number  of  artillerists  than  could  be  provideil  by  the  Uegular 
Army,  it  becomos  incumbent  upon  t(»  inferost  thv  inilitiu  of  soa  port 
towjih  iu  this  woik  with  a  virw  o\'  iuiue  oi  j^auizatit»u,  now  intaiitry)  Ixv 
comiiig  heavy  aitillfiy.    For  this  i^eason,  wheuever  practicable,  the 

Sresence  of  officers  of  the  National  Gnard  was  iuTiteil,  and  qnite  a  xmm- 
er  were  from  time  to  time  present  at  oor  firing  and  appeared  to  in- 
teiested  in  the  work. 

SUMMMii   UF  11EOUMME?^DATIO^•S. 

1.  Constntction  of  suitable  housings  for  plane-tables. 

2.  Frequent  ti  ju'kiii^  vrs-si  1  drills  for  the  instruction  of  non  roniniifi- 
'^i«»H(Ml  ntliccrs  and  iiitelli^^iMil  privates.  Wlien^  a  snfficiiMit  number  have 
iiccameproticient  iu  this  lor  svoi  k  iu  day-time,  practice  in  work  at  uight. 
Practice  with  the  Pratt  range-finders  in  oonnection  with  travkiog-vmel 
drills ;  also,  judging  distance  exercises. 

3.  Instruction  of  non  commissioned  officers  and  intelligent  privates  in 
serifliufj  and  receivinf;  messages  by  Hags  and  ton'lie«,  by  tel<^<iraphic 
keys  aud  sonnders,  and  by  telephones.  In  conneclion  with  this  a  course 
of  elementary  lectures  on  so  much  of  electricity  aud  magnetism  as  it  is 
aecetaaiT  to  know  in  the  use  of  telegraph  and  telephone  and  manipnla- 
tion  of  eleotrloal  firing  appliances  would  be  deeirable. 

We  have  officers  fully  competent  to  prepare  and  give  them. 

4.  Permanent  tinchorages  tor  targets. 

5.  Graduation  of  traverse  circles. 

Onr  thanks  are  doe  to  the  following  gentlemen : 

Messrs.  Stewart  and  Price,  superintendents  of  the  Baltimore  and  Ohio^ 
Bailroad  Company's  telegraph  lines,  for  asttistance  in  constructing  line's. 

Mr.  C.  A.  Hotchkiss,  general  iiixmi  of  the  Day  Kerite  Oompaoy,  far 
firing  cables  given  for  our  experiments. 

Mr.  HoBdstone,  superintendent  <ii  the  Western  Union  Telegraph  Com- 
pany, for  the  loan  of  two  Morse  registeia. 
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Mp.  Welch,  of  Bui>tou,  for  the  loau  ol  two  WcIcU  &  Anders  priutiug 
telegraphs. 

To  the  Bell  Telephooe  OompMiy  for  the  loan  of  tolephoties  and  trans- 
fiiitters. 


DEaCEli  riON  OF  PLANE-TABLES  USED  AT  THE  "NAKKOH'S  '  NEW  YOBK 
ilARBOfi,  rOH,  TUACiClNG-DKlLL  AND  SUOT-rLOTTiiNG. 

[8m  sketoh  by  Lleot*  A.  G.  Blant,  Fifth  Artillery.] 

(Fig.  3  (•!  Plate  II.) 

riie  tables  proper  are  rectangular,  7J  iuchrs  lon^  by  -IS  inches  wide, 
and  are  constructed  ofbard  wood,  l'  inches  thick,  with  every  ])recantion 
against  shrinkage  and  warping,  bein*j  carefully  braced  and  grooved. 

On  each  table  is  a  brass  arc  122  degrees  in  amplitude  oonstmctcd 
with  a  radius  of  1  meter  (39.3708  inches),  brace<l  by  two  brass  radial 
4»rms,  and  sunk  iiiti)  the  wood  so  as  to  be  dnsh  with  its  surface,  but  not 
affected  by  its  expansion  or  contraction.  The  arc  is  j^nidnared  to  do- 
l^rees  and  half  degrees,  numbered  at  5  degrees  and  hi  degrees  j  these 
graduating  lines  are  radial,  1  inch  in  length,  bounded  by  two  conceu- 
trio  oiroles,  cat  in  the  brass  an;.  The  zero  radios  of  the  arc  is  parallel 
to  one  hm^  side  of  the  table.  The  alidade  is  of  brass,  the  rear  sight  over 
?lic  center  of  the  arc  A,  the  alidatlc  h>An^  pivoted  there.  The  front 
signt  is  a  little  outside  the  arc,  about  40  inches  from  the  rear  si{»hts. 
One  edge  is  in  the  plane  of  the  line  of  sight  j  this  is  beveled  and  grad- 
uated to  milltmeteni,  beginning  at  the  oeoter.  Where  this  edge  crosses 
the  arc  I,  a  diagonal  vernier  V,  covering  a  half  decree,  is  used,  readinjr 
t  >  miirateM  o?i  tlie  arc  by  tlie  iiitersection  nf  the  r  ulial  dejjree  and  half 
ilcurec  lines  with  the  oi)  division  of  equal  pin  is  oj  ilie  vernier  V.  The 
vernier  is  adj«istable  by  means  of  the  screws  attaching  it  to  the  ali- 
dade. 

Aronnd  the  e  lites  D'  D'"  are  tin  pioces  2  inches  thick  and  3 
inche'^  wide.    Tlie  strain  of  tlie  end  and  picct's  is  in  the  direction 

indicated  l)y  tiic  arrows,  flic  eiiil  jcieccs  i)'  \  )'"  arc  fastened  by  screws 
to  the  width  of  the  board  nearest  the  pndongalioji  of  the  zero  line  of 
gradnatioo.  They  are  fastened  by  screws  to  the  other  marginal  piece 
D",  and  are  grooved  so  that  the  interior  boards  of  the  table  may  ex- 
pand and  contra;'t  witlioat  atfecting  the  position  of  the  marginal  gnul- 
uatitm.  The  pieci^  D"  is  screwed  to  r lie  cross  pieces  d  d  d  d.  These  cross 
pieces  are  firmly  screwed  to  the  boar<l,  neiiroiit  the  zero  radial  arm  of 
the  arc,  bat  at  other  points  of  the  board  the  holes  for  the  screws  are 
slotted  to  permit  the  boards  to  e  x  :  i  i  nd  and  contract.  An  opening  of 
0.5  inch  is  left  bntween  the  boards  of  the  tal)le  ami  to  admit  of  the 
<>ontraction  and  exp  lu'^ion  of  the  boards  without  disturbiug  the  posi- 
tion of      relatively  to  the  zero  line. 

All  the  boards  composing  the  table  were  thoroughly  seasoned.  The 
tables  wete  covered  with  several  coats  of  oil  and  then  shellacked. 

On  these  three  edges,  D'  D"',  a  strip  of  brass  0.5  inch  wide  is 
efcmtermmk  so  as  to  be  flush  with  the  table.  On  tlic  0^  brass  radius, 
at  the  rx'M'A  distance  of  the  otlier  station  according  lu  the  adopu^l 
«cale,  viz,  1  millimeter  =  4  yards,  is  a  thumb-screw  B  showing  the  locji- 
tion  of  the  other  station  when  the  oo  of  the  are  is  sighted  on  the  sta- 
tion  throngh  the  alidade.  "With  the  screw  B  as  a  center,  the  bniss 
strip  is  jxradnated  in  5-inch  spaces  to  122°.  the  0*^  of  this  gradnati<m 
being  coiueideiit  with  180  degr:  es  of  the  arc  graduation.   This  work 
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was  done  by  jilaciiig  tlib  0  tle^^recs  of  both  urcs  in  tlie  same  right  line, 
paasiog  tbroogli  the  oenteni,  tbe  point  A,  of  the  auxiliary  arc  being 
placed  over  the  point  ii  of  the  other.  The  ••laduaiiuii.s  ol'  ihe  auxiliary 
arc  are  then  ])n»i  i.ictrd  to  the  ed^es  ul'  IV  1  <"  i>'''.  and  siiiu!h»r  divisious 
rut  in  by  intei  pohilions.  J5y  Huh  nwaiiH  the  giadtiatiou  ol  the  strip  on 
each  t:ible  is  the  prolouge<l  reproduction  of  the  arc  on  tlie  other  table, 
the  only  source  of  variation  between  these  being  the  possible  blight 
oarvature  of  the  brass  nsed  in  producing  these  liues,  which  error,  if 
any.  is  ronstant. 

fio  at  either  table,  after  adjust  iii;,M'aeh  0  de^^ree  tosiglitoii  the  oiher 
fttatiou,  the  exact  auf^le  talu  u  at  ttjc  other  on  any  point  may  be  repro- 
duced by  using  a  thread  fi*om  the  screw  center  B  to  the  given  angle 
on  the  corresponding  graduation ;  the  intersection  of  thi.s  line  witli  the 
alidad*-  si;>iit('d  at  tlie  aame  point,  at  the  same  time,  will  give  its  exact 

location  at  that  tiuie. 

The  table  ie»  tnounled  on  a  croisa;  (X)  frame  and  clao)i)ed  to  it  h\  an 
HMsentrio  lever,  so  that  after  a^ostment  it  will  not  move.  The  t^iime 

and  the  table  are  leveled  by  four  leveling  screws,  fitting  into  leveling 

sfTows  in  the  cross-arms  and  info  sockets  in  the  stainl — an  ordinary 
•altle  stJiinl  ;iboiit  .'5  feet  hi[,'li  with  lour  lc;:s,  with  braces  and  a  Hiielf. 
Ihis  stands  on  a  roughly  leveled  board  platform — the  location  ol  llie 
Station. 

No  mat  tcr  what  may  be  the  absolnte  error  of  graduation  in  either  :ire, 
the  niethoii  above  given  of  reproducing  the  gradnatit)n  on  the  other 
tabh*  insures  the  laying  ofl'  tliereon  th(»  rca!  nnn^lt*  to  the  ohjcct :  :uid 
!L&,  on  the  plottinjr  talde,  the  angle  used  is  dtie  to  the  actual  position  of 
the  alidade  as  bighied  on  the  target  or  vessel,  the  locus  obtained  by  these 
iotemections  will  be  correct,  both  as  to  iiositiou  and  range,  if  the  point 
B  has  been  correctly  placed  with  reference  to  A. 


M&M01tANl>A  iU£aAUl>IKG  PBAOTiCAI.  AUILLX^HY  IXi8TKUC/XXON. 

I.— Rakob  axd  position  futdiko. 

A  ueoe«8ary  preliruiaary  to  elleotive  artillery  tiiu  is  range  and  position  liiHltiig.  It 
b  work  which  shonUl  be  perfonnfNl  with  rapidity  »b  well  as  prfoinion.  The  Imtt  re- 

Hultrt  can  be  i.lif  tiinMl  only  liy  conj^id'Tublo  iiin  ii  i-  with  Hiiitable  appliuiiccs.  But 
tVw  offic«Tii  and  lueti  aru  required  at  any  uu(i  tunc,  aud  it  cau  ha  couductud  for  ia- 
•tmetion  at  timeb  when  it  may  be  impraelioable  to  do  other  artillery  ^ork. 

Two  nx-rlinils  slinnM  be  practiced  :  ono  by  re;;iil.ir  tri;i  ifjiibitir.  i ,  giving  acoUMOy J 
tb«  other      ibo  nm  of  vHrioau  raii^e-tiiider^,  giviux  ui'proxiiuaiiuu. 

The  Mrat  nMtho«l  requirt'd  the  e^tubliiihnieniof  two  iixod  ■tattona^  for  pluiu-  (:it><t>», 
AM  far  apart  a«  possible,  the  distance  between  them  bein^  accurately  nica8ui  <-  1.  Tho 
atAtiotis  should  \m  counectod  with  each  other  by  telpjrrapli  liuos.    Where  not  prao 
tieabl*^,  owiug  to  intervening  water  and  abiMiucc  ni  a  (  able,  Iheonllliary  signal  flagS' 
and  abbreviation  code  can  bo  used.    (Sue  Appendix  15  ) 

Skill  in  UHing  thin  method  may  bo  obt  ained  by  "  trackin}»"  vonrnds  after  the  manner 
praclicod  nt  tho  torpedo  school  at  Willets*  Point.  The  conrse  ot'  a  vi  ss.  l  is  f  >llovv6d 
and  plotted  rapidiy  upon  a  chart,  ooutaioiiig  the  onthnea  of  the  harbor.  Thua  ihe 
absolute  poeftlon  and  distance  of  an  objei^t  iitqniokly  anoenalned. 

Tbo  rbrirtH  npon  which  this  in  to  bo  «rofii'  iii:»y  In'  drawn  at  each  post  from  the  chart 
of  tho  harbor  fnniitthed  by  the  Etigiueer  Uvpartujcnt.  Photolithograpliic  copiua  of 
tbew  for  «»e  may  probably  be  procnred  from  the  Onlnanee  Department.  A  copy  of  a 
chart  *i)  itro<      <1  uned  at  the    Xarn)ws."  N«'\v  York  ITarbor,  i>  appended,  mavKed  E. 

The  Hi7As  Mboiild  be  Hucb  as  to  imdnde  the  ariim  tuivfiud  by  tat*  lire  of  guns  «»f  iiiod- 
era  eon^triietinu  The  scale  of  the  maii  r*>rerred  to  is  about  200  yards  to  the  iuch. 
The  ori^i  'tal  drawing  was  by  Lients.  A.  C.  Blunt  and  S.£.  Allan,  Fifth  United  States 
ArtiUci>. 
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The  nftp  can  Abo  be  need  finr  plotting  the  firing.  The  anziliary  M«e  are  uard  in 

coinict't ion  with  the  hnnl or  a;rni! nation  and  fhv  dia<^')na1  fralf  nfchonlM  ^iv*Mi  iti  tb»' 
legend.  Thus  neither  taUle«,scuk*N,  nor  protractorH  am  r<M|tiired;  a  pair  ot  dividers  aud 
two  threads  Huffiein;^  for  the  work. 

Tho  "  t nicking  "  tlrill  may  ho  advautngeouHly  made  also  »  jnfl^jing-clist  niro  drill. 
Ottic«trh  uud  non-coniniisNiourd  othcers  being  )tre8ent  at  oueol'the  plauu-tatiicH,  where 
tho  CDorsc  of  the  vesHol  in  plottoM,  each  one  is  to  be  feqalred  to  note  on  a  tablet  or 
book  his  estimate  of  the  diutauce  of  the  vessel  at  the  moin«*ur  tliat  r  rfoojfl  is  ui»«l»*. 
Tho  estimate  of  the;  rate  of  upeed  in  yards  per  seeond  should  ako  b«  r^cor.ied,  as  this 
it  an  important  eleniuot  iXL  laying  a  guu  upon  a  moving  target.  The  distanoe  as 
measured  will  then  be  announced  and  noted  in  each  tablet  in  a  column  :i  Ijoiniiig  the 
estimate.  When  the  exerciw;  is  completed,  the  errors,  plus  or  minuh,  iii  i  to  l)eu<it(Mi. 
A  convenient  form  for  this  work  is  given  in  Appendix  C.  A  table  of  il>y  in 
yards  per  second,  corresponding  to  miles  per  hour,  is  j^iveu  in  Appendix  D.  It  will 
be  seen  that  one-half  (0.5)  yard  per  second  for  each  mile  per  hour  gives  u  close  ap- 
proximation t';i>ily  ictiM  iiilM  it'd. 

The  second  method  is  by  lUe  Pratt  range-tinder,  or  other  similar  raoge-finders. 
With  practice,  excellent  Tosalta  can  be  rapidly  obtained  by  two  obserrPTu  working 

The  gain  in  aoeuraoy  of  tire  obtained  by  an  etUcient  system  of  range  and  pogition 
finding  ia  shown  by  the  following  aketoh,  copied  from,  a  paper  by  Captain  Watklns, 


K.  A.,  publisheil  in  the  Royal  United  Service  Institution  Journal.  The  firing  in  both 
instances  was  at  a  floating  target,  the  position  of  all  thoriiot  bolngiedaoeU  in  the- 
plot  to  a  eiogie  poaitton  of  (he  target. 

I^raotice  under  present  aerriee  ooodition  shown  # 

Praotioe  with  tho  aid  of  the  position-finder  shown  Q 

Tlds  plate  is  also  giveu  on  page  1;^,  Ord.  Note  200. 
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lu  the  cixt^  cited  the  targtst  wuii  towed  in  a  zigzag  directlou,  at  rateu  varying  from 
Ave  to  seven  JraotftAil  hnntf  and  the  liriii;;,  noted  aH  beiagMded  by  the  range  and 
position  finder,  was  carrUd  on  with  the  target  invUititU  to  tke  fifffiMr»|  tnna  ««iinilatiOf 
the  cooditioua  of  a  sniuke-covered  battle-field. 

A  mauoMty  of  th«  mttteiial  xeqaiMMl  ttt  «Mh  poti  iB  gtT«n  in  Appeodlx  A. 

IL— ABTU.L1CRY  yiBJLNO  FRACTICK. 

Owing  to  tlio  ooostUli  prewoeo  of  shipping  in  oar  harbor,  bnt  littlo  foDg-range  kt* 

tillery  firinj;  appears  to  have  ht-vu  j»rnciii;ed.  The  principal  object  of  the  fxiaU'nci-  of 
artillery  Is  tu  tterve  and  inn  heavy  guiut  effectively.  This  cannot  be  done  wttboat 
mneh  practice.  It  is  therefore  better  to  wait  bom  h  ior  ojiportnnities  to  flre  than  not 
to  fire  at  all.  It  v>  U\  ran  ly  linppen  that  opporl  unitirM  to  fin-  will  not  prf«ent  them- 
selvea  in  the  course  of  a  day,  pui'ticularly  if  two  turgt-ttt  nrv  ]*]:ivi(\  ho  im  to  pceaeut 
somewhat  divergent  lines  of  fire.* 

The  available  guns  and  material  are  not  all  that  may  be  deatcedi  bat  efOIl  with 
these,  due  care  being  taken,  fair  rt^ults  may  be  obtained. 

It  18  to  be  hoped  that  every  important  harbor  will  be  provided  with  at  least  one 
guD  oi' each  t^pe  of  uiodern  oonatmctiou,  with  auitable  carriagee  for  aame,  to  be med 
is  fnetrnetlon  and  target  practice. 

ShclJ-firinti  slinnld  mit  1k»  pormitt«  <l  on  account  of  tlie  iincorfalnty  of  tlu*  available 
service  fazes,  and  iu  the  case  of  tiuooth-bores  the  irregular  scattering  uf  soiuetimea 
large  pieoea  of  the  wooden  eabota. 

Stnootli-bore  mortar  Uringp  giTing  fteqnently  enatio  reealtB,  dioald  not  he  earried 
on. 

While  smooth-bore  Bboi  and  blind  ehelt  without  eabotK  may  be  fired  from  barbette 

luitti  ries  directly  ov«r  vessols  near  at  banrt,  rifled  projcctili-s,  manufactured  dnrinj; 
or  iciiraediately  after  the  war,  Hhoiild  not  Imj  ho  tired,  as  th«y  are  likely  to  strip  and 
tumble  irregularly.  For  thia  reaaon  the  latter  ahoold  not  be  fired  when  yoweie  are  in 
the  vicinity  of  the  line  of  fire. 

In  all  cases  the  ranges  should  be  such  as  to  preclude  the  possibility  of  ricochets. 
Thesfl  are  fr<»<iuently  irregular  and  eccentric,  [>ariieularly  those  of  rilled  projectiles. 

Tiie  praseut  regulation  allowance  of  auimauition  is  too  limited.  A  large  proportion 
of  it  Is  eompanilively  obsolete  and  may  now  be  need  adTanti^^nsly  only  iu  target 
prac  tir*'.  Thf  all«»\variee  to  Im-  ex[»cn<l<  (l  niij;lit,  tbereforf.  lie  i iu  iea^*<  d.  It  will  be 
found,  too,  that  the  regulation  allowance  at  some  posts  has  not  been  expended  iu 
past  years,  en  aoconat  of  the  apparent  obetacle  presented  by  the'preemeeofahipping. 
Authority  mii^ht  be  obtained  to  expend  the  accumulation  of  unexpended  allowances. 

The  regulaliuns  i>resoribe  firing  in  the  monthn  of  June  and  S«  ptember,  which  usually 
pWMit  the  most  fuvcMTable  atmospheric  conditions.  riicHe  latter  play  a  very  impor- 
tant rAIe  in  altectiiiiT  aecnraey  f>f  fire.  It  Ih  therefiu'e  desirable  to  assi<rn  a  portion 
of  the  firing  to  periods  when  the  conditions  are  varied,  and  even  as  unfavorable  as 
po^silda.  Tbiaia  particularly  marked  in  winter.  As  the  season  when  an  enemy  may 
attack  cannot  be  assnred,  the  periods  when  firing  practice  is  hod  tihould  be  so  dis- 
tribot«<l  a8  to  include  extrmne  vuriati«mM  of  atmoiipheric  couditions.  The  firiug  might 
well  l>e  quarterly,  assuring  one  period  in  winter,  at  times  when  the  thermooieteir  ia 
below  freexiug  poiu^  and  one  each  in  April,  Julji  and  November. 

In  order  to  fnereaee  tbe  obancee  of  making  the  first  Area  npon  an  enemy  effective, 
before  the  view  is  obscured  by  Hmoke,  frnn.s  will  probably  be  freqin-ntly  fired  in  \  i  llcys. 
It  is  therefore  desirable  to  practice  this  firiug  from  five  to  teu  gunx  simultuueuusly 
by  eleetoielty.  The  volley  firing  shonid  be  carried  out  at  the  end  of  each  period,  the 
elerations.  Are.,b?iving  been  obtaitied  l>y  the  previous  practice.  In  tht«  practice  the 
graduatio>\s  of  the  traverse  circle  may  be  udvaulagoously  ujied  to  seeme  couceatration 
iitiri  rapidity  ol'  tin'. 

The  gra^luation  of  the  traverse  circles  will  alio  bo  useful  in  making  deviation  allow- 
ance for  wind  and  drift  where  only  the  old  service  sights  are  available.  At  least  two 
teieeeopie  sightM  should  be  obtained  fbt  eaeh  poat,  and  aeatafbr  the  eame  applied  to 

guns  of  all  calibers. 

Otiservations  should  betaken  of  the  velocity  and  direction  of  the  wind,  particularly 
dnrin^  the  tinu-  of  flight.  The  velocity  may  be  obtained  by  means  of  the  .Sif^nal 
Service  anemometer,  arranged  to  close  a  bell  cironit  each  tenth  of  one  mile.  Headings 
may  tboe  be  obtained  witbln  ehort  intervale  of  time. 

*  Ni.  liiirbor  iu  the  United  States  has  a  commerce  equal  to  that  of  New  York,  yet 
the  firing  practice  from  Fort  Haniiltt)n  dnriiij;  the  months  of  October  and  November, 
1883,  was  but  rarely  interrupted  by  the  vicinity  of  the  paeaiog  ahipa,  and  anob  inter* 
raption  never  exoeeded  flfkem  minotea.  • 
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The  ToUowiug  imltUt  will  be  found  uaeftil  in  UUting  theM  readings : 


M. 


«  

BO  

•  

Tift** »« 


100. 
110. 


MQm  p«r  boor. 


X. 

I  . 

S. 
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1  . 
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_ 

7. 

«■ 

< 
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m 
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50 

45 

40 

M 

33 

30 
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•J4 
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18 
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10.4 
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15 

14.4 
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Tho  dirtM-tion  nf  the  wiud  nmv  l>e  obtJ»iiir*f1  hy  Tiu>aUH  of  a  kit*'  .-ittachod  to  n  siiir 
ably  graduated  dial.  The  grwlnatiouaof  tbe  dial  Hboiild  be  iu  tho  vulueti  of  tbt^  pocl- 
angiilar  components  with  roferenco  tofhe  line  of  Are  ratht*r  thau  i(it  abeolnte  direction 
with  referrnce  to  the  points  of  t  h»«  «*»m[>?tMM  (See  Appendix  C  for  graduation  of  dials. ) 
Whan  the  wind  is  iuMiifficient  to  luaiuuiiu  a  kite,  the  direction  ma^y  b«  obtained  either 
with  ordinary  inflated  toy  bftHooni,  or  else  bj  oavehilly  obwrving  tbo  cUnotioii  at 
pjwinf^f  of  the  sinokt;. 

The  t  imes  of  flight  should  be  carefully  noted  by  at  least  two  observerH.  The  Au- 
burudale  iitop-wat*  lu  s  an^  t*xt'«>ll«  ut  and  iin  xp«Mif*i  ve.  If  two  are  furnished  it  would 
bo  advantacoon*  to  have  one  a  "apUt- timer,"  iu  order  to  take  the  shorteet  and  long- 
•et  times  offliglit  In  voUeyllTinir. 

KcudingH  or  the  barometer,  the  therniouieter,  aud  hygrometer  should  t:ik<i> 
occaaioDally  daring  the  tiring  and  recorded.  The  readings  ddoaJd  be  reduced  to  th« 
weight  per  onbie  fbot^  of  air. 

Each  nhtit  shduld  be  immediately  plotted  by  the  means  already  inillrat««<!  and  ir«. 
range  wu-d  ixdore  another  gun  of  the  same  caliber  la  fired.  The  <leviatiou  of  the 
projectile  shonid  bo  noted  by  an  angle-meamiriug  inatroment  plaeod  as  nearly  in  rear 
of       pttTf  Hri-d  an  practicable. 

A  canUul  and  luiuute  rucurd  of  the  reeuliH  ut  the  liring  aud  all  atu-udaut  circiim<- 
stances  should  be  kept  on  «pecially  prepared  forms.  (See  Form  .) 

Copies  of  these  should  bo  forwarded  to  <lepartnient  headqaarlen  for  inspoetion  and 
«onsolidation  at  the  end  of  each  flriiiK  p«?riod, 

A  method  Hhould  b>  d.  \  i  r  i  v  horoDja flgoroof  uioritnwy boaiirignoil  tooaohoom* 
maud  aud  the  results  published. 

When  liiMriT  offieient  reealta  baTo  boon  obtained  in  firing  at  a  fixed  target,  a  mov- 
aide  tarjjt't  should  hr  t^rv'isrt]  nnd  practiced  at. 

Interottt  in  the  work  may  potttiibly  be  stimulated  by  an  annual  vompetitiou  of  guu 
detaehmonta  fkom  oaoh  port,  the  plaoo  of  oompetiUon  altaniaiing. 

III.— JfBCHANICAL  ITAMKVVBSM^ 


Daring  the  winter,  when  outdoor  work  is  impraoticablo,  offfleori  and  enlisted  men 

hhoiild  h.«  instruct*Ml  in  various  rope-splicinic  and  knots.  ri«  mIso  riggin>:  t.irkl.  .  All 
»tiould  Im)  required  to  practically  umke  the^  niilices  and  kuuts  until  fi>uu4l  vthcient 
therein. 

At  least  otici'  durinjj  oach  year  each  battery  .■should  exTcnto  all  |»oks;(.1(>  mechanical 
manouvertf  with  liuld  aud  siege  guuH  aud  uiortarH,  aud  should  have  in<>uut«d  and 
dlMDOOnted  a  guu  and  carriage  of  each  caliber  under  15  inches^  both  in  barbette  and 
caHemat«  batteriea ;  also  raised  and  lowered  thc«e  from  the  parade  to  the  ramparts. 
.\t  poet^t  where  two  or  more  batteries  are  aerriug,  a  15-inch  gun  should  be  disuiountc<l 
from  its  carriage  and  fli-  latter  removed  fully  from  its  platform,  replaceil,  and  the 
gnu  remounted.  It  ahouid  also  be  raised  aud  lowered  troni  the  parade  to  the  ram- 
parts, and  vice  mtm.  The  time  ooenpied  fn  theoe  manenvera  ahonla  be  noted. 

lieiinisif  ions  are  to  be  made  upon  the  Ordtianci;  Deptn  tment  for  each  appUftUoeaae 
way  bo  ncedeil  t«>  execute  ihe  foregoing  mechuHicul  ntuneuvera. 

An  annual  iwpoi-t  should  1m  made  by  poatcommand(>rH  Hpeoifying  the  eharacteruid 
dates  of  the  niet  haniral  ninnrnverw  |n'rfonnrd  by  each  battery  and  tlrt"  entire  i;arri 
Bon.    The  masouH  lor  the  non  exi-cutioii  oi  any  of  the  required  maneuvers  are  to  be 
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fully  gi\ en.  I'be  <lt  t:iib  ut  any  ucoidents  oeonrringdorin^  thin  work  arc  to  b«-  Htated. 
In  case  of  serious  injury  to  any  officer  or  onlisteo  nUM  whiltit  eugagt>d  in  mechanical 
inaneaverii,  a  board  of  oiUcei-s  uhoold  be  oonvvned  to  folly  ezMnine  into  the  oiioom- 
iiUuice«  of  tlx*  cone  and  report  thereon. 

All  ofli<'«  rN  sliitiild  be  invited  toofVei  >t ioii'-  in  writing  n  ;jaidin;(  niodiliciition.H 

of  meaatf  or  method*  in  range  tindiug,  artillur>'  linug,  and  luechanical  maneuvers. 
The  aMMe  important  ones  «n  to  be  pnluithed  in  fall,  otlun  being  briefly  loninMrind. 


.App&hdix  a. 

Xi«r  OPMATMMIAL  BMifUMD  AT  EACH  I'OST  t  OM  MAWBS  FINDJXO  AKD  TAMOMT 

PRAOZIOE. 

TO  JUe  VUBMISHBD  BY  TRK  ORDKA2CCR  DBTAKTMSIIT. 

Two  angle-meeMiring  plnne-tnblee. 

One  transit. 

Two  Pratt  range-finden. 
One  100-fnot  tapo-Iine. 

Two  Anburndalc  tftop-watcbes  (tplit  Moonde). 

One  Hobinsou  anemometer.* 
One  open-circuit  bell  for  MOie.* 
Two  Le  Clanuhe  cells.* 
One  aneroid  barometer." 
One  hygromett^r.  • 

One  JUkflin  d&  Band  magnetO'exploder. 
bmalated  leading  wires. 

Two  telescopic  sights. 

NoTK. — The  article*  marked  with  *  may  poeeibly  be  supplied  by  the  higuul  Depart- 
•aeat. 

to  BK  nnun»HKi>  by  tbk  uonal  nKPaimiBNT. 

Three  tel^n^ph  keys  and  aoanders. 

Thri-e  crown  tflt-phones  and  call  bells. 
Telegrauh  wire  and  material,  including  battery. 

liwonld  be  advantageous  to  obtain  Iroin  the  engineer  Department  three  Wheat- 

«tone  magneto  dial* telegraph  instrnim  iitH  instead  of  the  telephones.  These  instm* 
wents  are  in  store  at  Willets  i'uiut  as  u  ]>urtion  of  the  torpedo  outiit,  there  being  a 
nIBcient  number  for  all  principal  harbors  As  the  tracking  drill  forme  a  necessary 
portion  of  tor[M»do  inNtruction,  it  may  p<iH«ibly  be  deemed  projH'r  to  loan  them  for  the 
work.  They  ar<^  preferable  to  telephones,  inasmuch  as  these  latter  wonld  be  inaudi> 
l)le  in  case  of  tiring.    A  reliable  printing  tdegllHih  would  be  still  better. 

The  probable  cost  of  the  necessary  appliances  for  each  post  would  be  about  |1,000. 

The  following  estimates  of  the  coet  per  round  from  the  guus.  some  of  which  will 
form  our  fntuvB  armament,  wen  taken  ftom  tiie  tepoct  of  me  Getty  Board,  reecntiy 

lAiblished :  ^ 


6-inob  Lymau-Uaekell  guna   |54  00 

tf-iaeli  Bebnlts  wire  gnn   46  00 

B-inch  wire  guns  (Ordnance  Dqiartmeot)   r>l  37 

S-inch  Woodbridge  guns   64  50 

10-incb  Woodbridge  gnna   90  00 

l*2-inch  Woodbridge  gtiii«   146  9» 

ISf-incb  Woodbridge  guns   143  14 

12-incb  M.  L.  rifled  mortar   66  00 

lO  iDch  B.  L.  steel  ritlo  gun   84  90 


Only  the  cost  of  powder  and  shot  h>is  been  included  in  tlie  foregoing. 

Thus  it  will  be  w^en  that  only  twenty  three  ronnds  of  the  lightest  caliber  deemed 
advisable  will  more  than  pay  for  the  outlay  at  each  )K>st  required  to  render  the  artil- 
lery firing  effective,  and  only  seven  xonnda  of  the  largest  caliber,  a  ISI-inch  rifle. 

The  cost  of  the  gone  mentioned  range  from  $7,148  to  ;|4l,170.  The  mean  cost  per 
gnn  is  S'JC.041,  not  eonntiug  earriage.  The  cost  of  a  single  gnn  will  ])rovide OVery 
artillety  station  in  the  Army  w^ith  the  weans  of  making  their  fire  eflovtive. 

Fort  wadawortb  and  Fwrl  Hamilton,  New  York  Hnbor,  are  now  connected  tel»> 
graphically  by  a  cable,  and  the  necesAnry  telephones,  keys,  xounderi,  4fce.,  baTObeen 
inmisheil  by  the  Signal  Department,  as  aleotwo  anemometers. 
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The  OrdiiAnM  DepftrtoMiit  has  ftotiiotised  iba  •xpendHave  tn  fbe  Mmrtraotimi  of 
two  angle-ini>n8iirinjr  i)iaD«-te1»l6«  for  tiMW  pMto,  M  slao  for  othor  iiistruiieiite  Mid 
materials  estimated  tor. 

It  will  iM  aeoB  by  this  that  mod  «f  tho  tnmtbiU  tn  ttaun  finding  and  artilleiy 
firing  ate  now  at  liand  at  thaae  potta  or  are  abont  to  be  ■npplied. 


APFXHDIX  B. 


FOR  AMMSriATlOy  OF  XTTMERALS  TO  BE  U8XD  IN  TMLMRAFBIXB 

ANOLBS  BY  SIGNALS  OK  ornEUWISJt. 


mmaxD  vt  wsan  ubct.  o.  m.  wnnutB,  ram  v.  Aamxair. 
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Each  Htation  \h  furaiHhcd  with  a  card  coiitaiiiing  above  table.  Nnmerala  In  plain 
fignreH  refer  to  degrees ;  those  in  bold-la^Td  tijiim  .s  t<>  iniiiut43ii. 

To  use  the  above,  telegraph  fii>t  the  It'tttr  statiding  at  tbO  tOp  of  the  column  in 
-which  the  uumber  ie  fouadi  then  the  letter  at  the  left  of  the  row  in  wliiob  the  num- 
ber is. 


EXAMPLES. 


Appendix  0. 


Judging  distance  drill  at  Fort 
Kame  of  obeerver : 


on 


•  Character  of  light,  weather,  as  to  oky,  clonds,  relative  petition  of  aun ; 
Weather  aa  to  wind,  rain,  snow,  miet,  or  fi>g:         .  * 
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Xf^  atatioiiary,  ihos 
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jQdffinj^  wind  veloeity  *t 


— •  on  » 
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Oa^balf  yaid  p«r  Moond  la  •  daae  ftirpMsbMitlm  to  aMh  alle  p«r  Iwor. 

Tabu  oj  mUti4i  per  hour,  wrreapomUug  Ut  knots hour. 
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per  boar. 

1  Speed  in  miles 
1      per  hour. 
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INBTBUCTION  FOB  TBACKING  VESSELS. 

The  two  sUtioiiH  will  alternate  in  plottiii];.  One  sUition  ttIU  be  <le«igu»t«d 
"Ploiting  station,"  the  other  "Anxiliary  station  fhe  vessel  to  be  tifteked  and  tiM 
'times  of  "Ir^'tM-vjitioii  will  Im>  in(lic;it<>(l  by  tlw  "  Plottiii};  .station." 

(2.)  iuoch  pliuio-tablu  purty  will  consist  of  iive  mouibtsrti,  Uesiguated,  respectively, 
No«.  l,tS»a^4,  and  f).  The  ofllefltifiii  ebMee  of  the  station  will  be  held  respoiudble  for 
tilie  proper  working  of  all  concerned,  and  he  will  report  any  neglect  occurring.  It  it 
specially  enjoined  to  avoid  unnecessary  conversation  or  remarks  during  theprogreso 
oi  work.  Whem  ver  the  slightest  delay  or  uik'»  rtainty  occurs  in  tlu-  use  of  the  tele- 
phones the  llaga  should  be  immediately  oaed,  ca«e  being  taken  to  traosiail  tUmlj/,  with 
»  marked  interval  between  letters.   The  abbrevialfon  eode  should  be  mod. 

Ah  far  .'ih  |»ra<'ticftble  he  .should  ('aij..i<"  the  numbers  to  iiit«»rrliange  after  every  two 
<K>arsea  Jointly  tracked.  The  records  sboold  be  oaiefully  kept  on  buraks  furnished,  ail 
iBdiestMl  infomuitien  being  embodied* 
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bBTAILKl»  DUTIIU  OF  >[rMIIKRN. 

» 

No.  1  Adju.ttH  th»  table  >>o  that  the  zero  line  will  be  dirccttMl  on  the  upp<mitiun  nta 
tion*   He  keep«  the  alidade  ■ighto  apon  tbo  veasel,  exoept  vrhihit  Mo.  2  is  plottiDg. 
In  0M6  of  small  at«ain«rs  the  line  of  mght  Is  diraeted  opon  the  iiiiioke<«tM>k.  In  caw 

of  larj^e  8toaniers  dkI  s;iii;n<;  voK»elH  it  is  to  bn  directed  nnon  tbc  foremtWt  of  reM^h 
itiwMd  boaod,  aod  upuu  tbu  luaiuma^t  of  ^esaelN  outward  bound. 
No.  ]  of  the   Plotting  Btotitm"  will  esll    Heady  *'  JuMt  before  dMiroas  to  make  an 

observation,  and  "Now  at  the  instant  it  is  to  bo  made.  SufficictT  riinr  Hboiild  elapne 
btitweeu  thu  conanands  "  Heatly  uud  •*  Now  "  to  ussiirc  rec»*ij>t  .ind  ackuowledguieol 
at '^Auxiliary  8tatiou."  It  la  well  to  aUow  a  nii^bt  margin  tor  th<*  iiini^  involved  in 
trnn'smissioii.  If  cnll-bcIlN  are  used  for  this,  No.  1  of  tlu  "  Pli»tting  statit.n  "  docHnot 
biiii^  lim  aiidiuic  to  rvst  until  he  hearti  the  call-bell  ring  llieMigtial  for  "  .Now.'  No.  I 
of  the  '^Auxiliary  atatton,"  upon  hearing  the  eall-bell  ring  '*Now,"  or  repeatfd, 
will  at  once  oeanc  moving  his  alidade  until  No.  2  ha«  road  the  angle.  He  will  th««it 
rcihume  the  directing  of  the  alidaile. 

\o.  1>  readM  and  announces  the  angh-H  and  protract.s  the  angles  received  from  the 
"Auxiliary  atatiou  -  '  uiiou  the  oorrespondiog  oater  graduation.  He  loeaten  the  point 
on  Interaectionfi,  marking  the  fiamewHh  the  nnmberof  the  aeries  of  observationii,  and 
notee  the  readin^^s  of  distanr<  s  on  tlu'  alitladi-. 

No.  3  i£e4«pH  the  recor«l»  aud  uotcs  the  exact  time  of  maktug  obeenrationa  when  at 
"Plotting  atation."  The  alidade  readings  as  given  by  No.  2  are'  rodueed  bj  No.  3  to 
yards  hv  multiplying  by  4. 

No.  4  attends  to  t ho  tclephouo,  receiving  aud  transinittiuir  ?n«»H>i.ago.s.  The  trans- 
missioD  of  anglcH  ma^ttake  priority.  When  telephones  arc  usrd,  tiw  t'ClephoneN  sh<inld 
be  on  the  line  am!  kept  to  the  ears*.  When  not  naed,  No.  1  will  piacf  himself  at  the 
telescope,  jCiMling  nii^UiiU  transmitte*!,  «Sre.  The  signals  iit  ady  "  aud  "  Now,"  wlu  n 
Rent  through  telephones  shoald  be  repeated  aloud  at  the  "auxiliary  station." 

No. :')  transmit.s  angles  by  flags  when  tlie  telephones  are  not  used,  and  when  not  flag- 
ging watches  the  opposite  statiou  through  the  telescope.    When  at  the  "plotting 
stati(ni  "  li<-  iinlicates  "Keadj""  by  raising  hi?>  tlaj;,  and  "  Now  "  h\  ilropiiin^r  it.  No. 
5  of  the  ''auxiliary  station"  makes  the  same  movements  with  his  ilag,  at  the  same 
time  oftlltQg  ont  "Ready'*  and  ''Now." 
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INSTRUCTION  I'OK  RANGli  KlNDINti  Dl  KING  AliTILLEia  PEACTICE. 

Eii<  h  ]d  ino  tabie  nai  ty  to  eonsiat  of  ooe  ooQim{«akined  oAoeraod  three  aaabtanta, 

with  the  following  uutiea: 
No.  1  adfnstfl  the  table,  direots  alidade,  and  aaoertaina  the  diatance  ftom  the  gnn. 

Xo.  2        the  angle  of  bis  own  t^ble,  protmcta  the  angle  received  ficom  the  anzil- 

iary  siatiou,  autl  locates  the  target  or  shot. 
No.  3  manipulates  the  telephone  or  key,  reads  signals  when  flagged»  and  keepa 

record.    He  will  also  note  tln>  fimt>  of  t!ii;Iit. 

No.  4  tlagH  and  renders  such  aasisutuce  as  may  be  runuire<i. 

At  the  firing  station  an  additional  niunber  la  detailed  to  eonvey  aieasagea  to  the 
gnn,  &c.,  when  telephones  are  not  firing. 

The  otticer  in  charge  of  tlje  auxiliary  station  cannot  be  too  strongly  impreased  with 
the  nt'iTHsity  of  sending  the  angles  of  tht>  targt>t  and  shot  immedialfly.  He  will 
suppress  all  discussions  and  remarks  until  this  is  done.  If  the  telephones  fail  of  imme- 
diate action,  the  an  gles  should  be  fiaped  at  once.  When  tbo  telepbmes  an  in  woiking 
order  the  anglea  will  be  telephoneo.  In  all  eaaea  the  anglea  will  b«  veriiad  by  ra« 
peailng. 

The  officer  in  ebartte  of  the  firing  station  will  cauae  the  angle  received  ftom  the 

auxiliary  station  to  be  verified,  aud  then  ]ilnt  the  position  iMf  eltlwr  shot  or  target^ 
sending  the  range  immediately  to  the  gnn  by  telephone. 

If  the  latter  does  not  work,  he  will  traosmtt  the  range  by  niessoDger. 

Care  should  bo  taken  to  make  the  record  complete  and  full.  In  cartes  of  volleys,  th« 
extreme  ahot  Ui  right  and  lt>fi  will  be  noted  by  prussiog  the  straight  cdgo  (occompan- 
ing  alidade)  against  the  back  of  tlie.  latter,  leaving  it  in  position  when  first  shot  is 
noted,  passing  ou  to  the  other  extreme  shot-splash,  taking  its  anglOf  and  then  pass- 
ing  back  to  the  straight  edge  for  the  first  reading. 

when  praefeioabto  tnlaaaase  method  ahonM  be  pataued  In  eaae  of  rleoeheta. 
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An  iioott  AS  firinir  i*  completed  for  the  day,  the  ofllocm  in  dmn^  of  «t«<;fonti  will 

run««i  tlie  j>l:iiie-tHbIe«  to  l»e  properly  t>rcii red  ami  alidades  packed,  with  anp  irtc- 
utiaces  of  tHiTGWHf  8iglitH,  &c.,  ill  the  ulidude-bo£,  and  tuble,  ali<lade,  aud  tt  lt-phooe^i 
placed  a%  soch  aa  may  be  directed  by  the  commanding  ofRcer.  Particnlar  care  is  U* 
uetAk«^n  tlia't  tho  mmifctiotis  Hir  ft  lephones,  Hwitcbes,  &(;.,  l»e  jiH  pro]>frl>-  plac«>d. 

A,  complet<»  record  of  the  day's  work  u  to  be  made  out  at  ouoe,  aud  giveu,  dntjf  dut^ 
mud  *«j^iiMf«  to  the  ofltoer  in  ebaij^e  of  the  ilring. 


CFoKX  Mo.  1,  Artilleiy  PlTMtice.) 
MciDorand*  of  proposed  firiiiK  at  Fori  on 
Ountf  d^oAmtnUf  and  ammunition. 


^, I  Batterj  .No.deta«h-  Itaof 
(oiiftM*.  mentn.    I  roaiid«. 


Oarttldg**. 


Pielnctiltt. 


Kind.    Weiiibt.     SboL   '  ML 


Foit  Uasuiltoa. 


c.  a  iN.co. 

I 


PrivatM. 


BTamc  of  ofBccr  io 
charge. 


The  «aU«aie^iBi 
D<M  for  work  at  < 


I  . 


XMoili  to  auiat  ojteer  fKyMreldiif  firing. 


<  frdnanee  vork  . . . 

Wind  data  

TafepboM  at  gun  ■ 


K.c.a 


PriTatea. 


Time  la  report. 


(POBM  No.  2»  Artilleiy  PrMtioe.) 
The  post  qnMtemiMtor  will  e»mw  tlw  target  to  be  an^ored  at  or  belbre 


He  will  direct  the  captain  ot  the  launch  to  report  for  definite  ordem  to  

oa  or  liefore  of      '    ^  188». 

He  will  alHo  direct  to  nport  to  —  fyt  imitracUoMat  or  be- 

fore        —  o'clock  of  — — ,  188 — . 


T%»  following  mvtorlal  will  bo  m(|tilMd: 
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The  poet  orduauce  offic43r  at  Fort 


will  have  in  readiueaa  at 


o'clock  of 


>  168—,  tb«  «qiiipiiM»it«  Ibr  the  ibllowinn  gom^  tmA  «nmnniti<m  Air  laoie: 


Xo.  of 
p(]iiipiiu'iilf 
oomplet«. 


OtrtiUcw. 

TJaftorv  ' 

PtiqJeetilM. 

No.  ol'  gunu 

ElBd. 

Wdght 

Shot 

SlMlL 

1 

BNldtsthie 


thie  MUiwtag  aadlciDHal  •rtl«lM  wlB  be  reqviNd,  tIss 


XOTR. — In  rach  o«M  the  brand  of  powder  nned  should  b«  uot«<I  and  i^ci^'t'n.to  the  officer  in  ch»ref)  of 
the  firing.  The  powder  of  ouch  kitra  ro^Qirwl  for  th«  ilav'n  flriug  In  to  hv  all  iliorou^hly  niixe<l  aud 
wi^lMd  under  the  M^wrrieion  of  a  ooomilHloiMd  olBerr.  The  wrlshta  ahould  be  dietinoUr  oinrked 
as  «Mh  eartridga.  Blioli  alid  nh^  eboidd  be  weighed  aad  dtetlnotlr  marked. 

♦ 

(Form  No.  4,  Artillery  Practice.) 

on         ,  les— ,  ftom  BtMetf  , 


Details  for  artillery  practico  at  Fmrt 
Fifth  United  Statea  Artillery. 

Gnn  detachment  for   g"">  — 

ineiicf  at  o'clock. 


For  plane  table  work  at  Fort  - 
prlvatM,  to  report  to  — —  ftt  — 

For  tnuwit  in  iMr  of  gon  

o'clock. 

For  MieinometemMidingB,  &o., 
 at  o'clock. 


-*  Lieut. 
Voloek. 


•t  Lieat. 


-f  oflloet*  ID  char^   Firing  to  com- 

 ^  K.  C.  O.  

■   ■  toraportto  — «t' 


For  aesistante  to  Lieut.  — 
nport  to  him  at  —  o*otook. 


•  N.  C.  O.,  priratM^  to  report  to  Llont. 

-at  gvkM  N.  C.  O.,  privates,  to 


Firing  datn  of  B»ttofy< 
at  Fort  —  on  — 


(FoBM  No.  5,  Artillery  Practice.) 

,  FifthUDitodStAtoo  Artillery,  menniiiff  gane  No. 


rmleeUle^  Powder. 

• 

He. 
fln. 

Kind. 
• 

Lbe. 

Kind. 

Lbfl. 

• 

« 

ttghtla*. 


I 


tion. 


l>«dm'tion  mi 

lowaiieelotbe— 


Bight. 


Left. 


i  Appa- 

I   »"«ot   I  ,  I 

dori»-  '  I 
tiOII. 


1 


The  offioer  in  obaxMO  will  note  auy  irregalar  occurronce  or  inoidenfc  of  the  ftriog  of 
the  gnns  under  hfs  oDarge.  Re  will  f»1»ee  himtelf  ae  nearly  In  rear  of  hit  gnn  at  will 

permit  l)i»n  to  hc«i  the  shot  when  it  atrikfs,  and  ho  will  :inie  wli,  tli  r  it  strikes  in  line, 
to  the  right  or  left,  and  the  probable  amotmt  of  deilectiou  expreHeed  in  apparent 
width  of  target.  He  wlU  alto  note  if  Apparently  B.  (beyond)  or  S.  (•Iiort). 


Digitized  by  Google 


RKPOBT  OP  THE  CHIEF  OF  ORDNAKCE. 


187 


The  deflection  allowance  shonid  be  noted  in  points  of  si(»lit  on  pnintinjj:  T>oaiil,  <  ;n  h 
point  being  equivalent  to  one  xme-tbousauUtb  of  tUe  range ;  range  l,OUUeqaals  1  point. 


1 
1 
3 
4 
5 
• 
7 
% 
9 
If 


(Form  No.  i>,  Artillery  ri  jtctice.) 

Baeoid  of  deviftlions  oteerved  by  tnuisit  in  rear  of  gnn  doringflring  *t  Fort 
on         f  10(1'  • 


minntas. 


■  (8ts;    11^^  far  (li«>  ti  "Hi!  I-^  plact'd  iii  roar  of  RUti.  ami  how  far  to  ri>:ljt  f)r 
ktt  (if  Uiie  of  gao  tuitl  Uiget  wb«n  Dot  frtisible  to  pl«««  on  the  line ;  also 


,    -  of  pin  an« 

IK.       L.  takeaa^bAwMBFanltugMi) 

I  1 


1  ■ 

I  I 


(Form  No.  7,  Artillory  PnAlloe.) 
o£  wind  data  during  firing  at  Fort   '      on  188— > 


Direction  «f  vivd. 

Yeloe^y  of  wind. 

Banark*. 

X>evl«tlng  ^ 

•trokas 
«r  balL 

Tdodty 
taiaiflaaper 
how. 

(VoU)  tb«  velocity  and 
tlirtictiou  obtained  na 
nearly  pruuUcable 
whilHt  The  proJcatUa 
is  in  tli«  airl. 

Blglit. 

Laft 
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(Form  No.  8»  Artillery  Practice.) 


tabl«  record  ut  Fort 
Fort  ,  Llent.  


-  on  —       188—.   Firiug  I'roui  guns  Ko.  — 
obterv«r  in  churgvi. 


Aimintani. 


No. 


ronuilU.  gan. 


Atiirle         Angbt        l'l;tt(*-d  raoM  ■  _  _ 
•t  Ft  U.  :  at  Ft.  W.    at  Ft.  U.  •rW.  '  i 

A.  U 


I 


(Fultai  No.  y,  Artillery  Fructkc.) 

■ 

fi««ord  of  |»lM»«*t*bI«  aogles  of  firing  by  Batteiy  — 


from  Fort 


ftre.  ■ 


I  { 
C»Hli«r  I        Angle  at        '  Aii:flo«t 
Kiuw.  I    Furt  HMoiltou.   i  Furt  WwUwoilb. 


(FoKM  No.  lOy  ArtiUury  Practice.) 


Beeord  of  veMcl-tnickiiig  at  tlic  Nnrrows  on  ■■■-»,  188—. 
 ;  No. «,  ;  No.  j  No.  4, 


:Ko.  1, 


c 

c 

9  C 

c  2 

.    "o  § 

0  « 

e"  *" 

d 

a 


1. 


S 


a 


«.  '  1. 

I 


e  a 

I' 

el 

5  «  § 
A 


t 


1^ 

'  Hi 

I 


II 


Ri^markn.  (Name  of 
plotUM  ■talloa, 
chanwMr  •*  — — « 


I  E 


I'll                     '           >  : 
 I,  _i„..L  li  „        L.     _.  ►  L 

Fon»8  Not.  11  and  IS  will  be  fiHmd  in  Appendix  B. 


(Form  No.  Vi,  Artillery  Practkf.) 


Wind  velocityt  miles. 

—  o'elook. 


INraetloD,  — 

Probal  If  rlpvation,  

Coeflicient  of  deviatt<m, 
Ob6enr«d  dcriatioo 


yards. 
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£FouM  >o.  13,  Artillery  Pructice.J 
V^htt*  »/  r«etmn0ulaaf  eomponttit*  0/whid /one. 


3(uliipiv  Wind  vel(><  ity  )i>  i'ractioDs  of  dial  tu  obtaiii  valuen  of  cunipoDetito. 

Mnltiply  coefficient  of  <leri«tioii  for  glveik  niBfe  by  Ihto  piodoet,  nsnlt  will  1m 
iuzhi  alJuwanc«  rMuired. 

JSa«b  divirion  oe  pointing  board  ia  eqnal  to  j^^o  of  range.  Deviation  required  di- 
vided by  ralne  of  dnrhitoii  of  pointing  board  eqoala  points  to  tnke. 


0 


Digitized  by  Google 


BSPOBT  OF  THE  CHIEF  OF  OBDNAUCE* 

Form  Xo.  14. 
Btcori  0/  artiUtrjf  jtrlmi  «!  Fart  MamUtut^  K,  T,  H, 


u 


I    g    Kind.  Poaads. 


■  5 

B 
o 


u 

s 
e 

1^ 


I 


BIglit. 


Wtnd,  milM 


Sliot. 


Shell. 


■fir 


s 


d   '  Direetlon 
»  to 
IS 


B«etaagiikr^  oomponent* 
to  f 


Bifbt-lLcft'  ^  ]UgjM.;Lcfl. 

-I-  ■■ — 


Weight 
per  ctibto 
foot  of  idr. 


Time  of 
flight. 


Range  in 


ObMrved 


I 


OffioM  in  cba)-):e  of 


« 
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Appendix  14. 

PARTIAL  TBiAL  OF  A  3.2  INCH  STEZL  FIELD  OVS  AND  8TEEL  GUN 
CABBUaE  BT  THE  OBDKANCE  EOABD, 

(4  plates.) 

The  i^uii,  constructed  of  Steel  furnisbcii  by  the  Midvale  Steel  Com* 
pauy,  waft  fabricated  at  Watertown  Anenal.  Its  design  was  sabstan- 
tiully  that  showu  in  the  plate  to  Ap)iendix  31  to  the  report  of  the  Chief 

of  Onlnanro  for  1883.  Coitairi  clmnp^ea  in  detail  were  made  as  the 
work  proj^ressed,  and  are,  it  is  sujiposcd,  deijciibcd  in  the  construction 
report  ol  tlie  gun.  Tlie  bieech  niecliauism  was  so  arranged  that  either 
tbe  De  Bange  or  the  Freyre  gas  .check  could  be  nsed. 

The  De  fiaii|!e  check  (Plate  1  Fig.  1)  is  composed  of  a  breech-sorew 
with  an  interrnpted  thread,  traversed  in  the  direction  of  its  aids  by  a 
spindle  terniinatinjr  in  a  head  shaped  like  a  mnshr«>o?n.  The  head  re- 
ceives the  ])res6ure  of  the  powder  gases  and  is  8Uj)ported  1)3'"  a  plastic 
material  interposed  between  it  and  the  face  of  the  breech-screw;  the 
plastic  material  effects  the  obturation.  The  plastic  sabstance  employed 
is  comi)osed  of  asbestos  and  tallow  contained  in  an  enveloiw  of  cloth 
and  sustained  by  two  cnp  shaped  copper  ni^^n. 

The  Freyre  check  (Plate  1  Fig.  2)  consists  of  a  breech  screw  with  an 
interrupted  thread,  traversed  axially  by  a  spindle.  The  spindle  ternii* 
nates  in  a  head  having  the  form  of  a  conical  fhistnm.  The  head  is  em- 
braced by  a  ring  with  a  conical  interior  surface  and  an  exterior  sarface 
iu  light  contact  witli  the  walls  of  the  gun.  The  base  of  the  ling  rests 
against  the  face  of  the  breech  screw,  and  tlie  interior  snrtace  of  the 
ring  is  so  adjusted  as  to  cause  a  slight  space  to  exist  between  the  head 
BDd  the  face  of  the  breech-screw.  When  the  powder  gases  aot^  tbe 
head  is  forced  back  throngh  the  space  above  referred  to  and  the  ring  is 
expanded  into  firm  contact  with  its  seat,  thns  preventing  escape  of  gas. 

The  powder  cliamber  was  so  constructed  that  a  charge  of  3.r>  pounds 
ot  powder  could  be  U8ed  when  the  De  Bange  check  was  in  jdace.  It 
followed  that  when  the  Freyre  check  was  substituted  the  powder  space 
was  unnecessarily  large,  but  the  pressure  which  would  result  was  con- 
sidered sufficient  to  try  thoroughly  this  mechanism.  While  there  was 
but  little  doubt  t1i;it  fht>  De  Ban«re  system  would  w<»rk  well  it  is  con- 
sidered olueetional)lc  \'><y  use  in  a  tiehl  gun  wiiere  lightness  is  of  great 
i/u portatice.  As  the  drawings  show,  the  use  of  tbe  De  Bange  check  re- 
quires an  increase  in  the  length  of  the  gun  at  that  part  which  gives  the 
greatest  Increase  to  the  weight. 

The  carriapre  of  steel  was  made  at  Watervliet  Arsenal,  and  was  similar 
in  desi;;,,  to  tlcit  illustrated  iu  Appendix  ^o*  32  of  the  Keport  of  tbe 
Clit«f  of  Ordnance  for 

The  powder  for  the  trial  was  Du Pontes  I gnnulation  2200,  density 
1 . 725.    It  bad  previously  been  recommended  for  use  in  the  fii<»ld  service. 

The  lu  ojectile  used  was  a  cast-iron  shell  with  a  solid  copper  band 
made  as  described  in  Ordnance  Board  Beport  No.  22, sent  to  the 
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Ordnanoe  Office  Jane  19, 1884.  The  weight  of  the  pt  ojectile  filled  is  18  ' 

poaiids. 

Thi-  trinl  ('f>innionce(l  July  10,  1SS4,  with  the  Freyre  gnu  check.  Two 
rounds  were  lire*!  with  3  pounds,  three  rounds  with  3.2i5  ])iMnids  of  pow- 
der iu  Older  to  tiy  the  check  aud  lit  it  to  it«  place.  Tiicrcuiter  the 
charges  fired  weighed  3.5  ponods  until  the  end  of  the  sixtieth  ronud, 
when^  by  directiou  of  the  Chief  ef  Oidnauce,  the  gun  was  transferred 
from  the  Ordnance  Rom  d  to  tlie  '« T^onrd  for  Testing  Rifled  (Gannon,*'  c^-c. 

The  Freyre  checi^.  completely  pre\  ented  the  escape  of  fjiw,  but  gave 
trouble  by  sticking  after  the  iir^t  tVnv  iouik18.  ihi3  ditliculty  was  obvi- 
ated later  aa  will  be  ehowti  by  the  report  of  the  board  for  teeting  rifled 
cannon,  &c. 

Tables  showing  total  enlargements  ;Hid  tiring  reeor(is  thr  the  first 
sixty  rounds  are  inclosed.  From  the  latter  the  follow  lug  j^uuimary  is 
obtained : 

Initial  Velocity  (mean  of  Iti  rouudtt)   ......feet..  L,635 


For  oompariaon  a  table  is  appended  giying  data  for  foreign  pieces  of 
t^imilar  character,  extracted  fh>m  the  Beport  of  the  Chief  of  Ordnance 


PressoM  (mean  of  $5  rounds) 
Eoet^y : 


poonda  p«r  aqtuum  iaeli..  S9, 116 


Total 


...foot-toua..  241. 'il' 

  29.  l» 

 do....  06.91 

foot-poundB..  661.33 
  78 


Square  inch  of  cross  aeotion 

Per  poand  of  powder  

Per  pound  weight  of  iiiece  . 
Pte  cent.  realiMd  


for  1883. 


T.  G.  BAYLOB, 

Finaidmt  of  the  Board, 
GEO.  W.  McKEE. 

Major  of  Ordntmce, 
CHABLES  SB  AT.RK, 

Captain  of  Oy(i*iakcr, 
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German 


Amcricoa..* 

EoffUsh  

ArniiitrouK 
(iipaiiUb). 


!5  p.li  .,  mod.  'TTJ 
Of*-  , 


M.  L  

]8.pdr  .... 


French  :  ft". 

Swiiw   '  C  I"' 


« 

I 


I 


Italian . . 

Kusainn 

RuaaUll 


BtBdjMk»l«d  |3.2 

Slet'l  hoopod  09 

SUit  l  hooped  |3. 15 

Su><;l  hooped,  Kiupp,  nod.  S.4S 
'77. 

StM-l  hooped,  BoMiaa,  mod.  3.43 

'79.  I 

Wn>u::)ir  ht)n  3. 

SUwt.  wroiipht-ixon  Jacket.. .3. 
Su^l,  w  rough  t-tron  Jeokefe,  ' 

M.L.AB.L. 
flteel  jaokefeed,  fiotaawjer . 


8tc«  I  li«<>]M'(l 


S. 

8,15 

3.15 


c 

3 


M 


Boz 

i 
•g 

B 

e 

tt 
ja 

9 

C 

TwM. 

I 
t 


I 


I 


935 
793 

803 

820 
952 
925 


Ml8    «Lf  I  M. 


I 

82  67  74.21!  ?l. 
88.  7G  83.54 
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UMk,  y.  J.,  from  July  10  to  Jultf  24,  1884— Continued. 
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BMPO&T  ON  SOLID-KAND  SHf'TJ.  VOlt^M-lNCH  IlREECB-LOADINQ  &TEEL 

.  GUN»  BY  THE  ORDNANCE  BO  AMD. 

(7  plates.) 

A  letter  from  the  Ciuef  of  Ortlnauco,  dated  January  19, 1884,  directed 
the  Ordnance  Board  to  work  up  a  plan  for  a  oopper-banded  projectile 
for  theS.2>moh  field  gun,  and  to  have  a  few  experimental  ones  made  at 
Watertown  Arsenal  for  trial.  On  February  5  the  Board  snbiiiitleil  a 
drawing  showing  a  pn>poKed  shell  with  a  b'Hifl  0.35  inch  wide,  and  re- 
quested that  shell  and  band^  might  be  funiislied  separately,  that  the 
proper  position  and  dimensions  of  the  latter  might  be  determined  by 
experiment.  On  May  2, 1()84,  fifty  shell  and  oDe  hundred  bands  were 
forwarded  from  Watertown  Arsenal,  and  after  a  delay  in  preparingr  the 
for  the  new  projectiles  experiments  commenced  June  4,  1«h84. 

Tlie  projectile  (Plat-e  I)  is  niade  of  ca^t  iron:  has  a  cavity  wiiick  will 
contain  from  five  and  a  half  to  six  ounces  of  musket  powder,  and  is 
fiirnislied  with  a  base  percnssion'f  ose.  The  head  is  an  ogi  ve,  stntok  with 
a  radius  of  one  and  one-half  diameters;  the  body  is  cylindrical  through- 
out, and  the  base  is  w  plane  intersectinf?  the  snrt'uM'  of  the  body.  Tbe 
band  is  made  from  a  solid  strip  of  copp(M\  grooved  on  the  side,  wluch  is 
to  be  in  contact  with  the  projectile.  An  annular  groove  is  turned  in 
the  body  ^f  the  projeetile,  the  central  element  of  the  groove  sorroand- 
ing  the  center  of  percussion  of  the  projectile,  taken  with  reference  to 
an  axis  situated  in  the  plane  of  junction  of  tlie  body  aud  the  hea<l. 
This  prroove  is  innlereut  to  form  a  dovetail.  When  the  band  has  been 
cut  ti>  a  proper  length,  the  ends,  planed  down,  form  a  scarf  joint.  The 
band  is  forced  into  place  by  screws,  then  hammered  hard  to  force  the 
inner  edges  into  thetindercatpart  of  the  groove,  and  afterwards  turned 
down  to  the  proper  exterior  diameter.  The  weight  of  the  shell  with 
bursting  charge  aud  fuze  is  thirteen  ponnds. 

The  experimeut  was  commenced  by  tiring  a  projectile  with  a  band 
t),35-ineh  wide  and  34^1  inches  in  diameter  into  a  sand  bntt,  using  a  charge 
of  3  pounds  <>[  I.  K.  B.  powder.  The  muzzle  velocity  1,517  feet,  the 
pressure  30,5(10  pounds  to  the  square  ineli.  When  the  projectile  was 
recovered  the  lauds  were  molded  sharply  aud  smoothly  in  the  band. 

Three  rounds,  ^'os.  4.i,  41,  and  45  otthe  record,  were  lired  at  the  mile 
target,  and  plotted  as  shown  in  Plate  III. 

A  projectile  with  a  band  0.5  inch  wide  was  then  fired  into  the  bntt  with 
the  same  charge  as  before.  The  mnzzle  veloi  ify  was  l,r>o;}  feet,  the 
presHore  31,000  pounds,  and  tlie  lands  were  as  well  marked  as  before. 
Plate  iV  shows  the  target  made  at  one  mile  with  tliis  projectde. 

In  these  cases  the  front  edge  of  the  band  only  was  chamfered. 

The  results  of  the  first  trial  seemed  to  be  in  fjivor  of  the  projectile 
with  th«>  broad  band,  as  the  mean  vertical  deviations,  the  most  im- 
portant ouc«  in  field  guns,  were  .less; 
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Two  series  of  firings  were  then  exeeated  with  the  narrow  and  broad 
bauds,  having  both  the  front  and  rear  edges  cbanifered. 

The  first  shot  in  tins  scries  (No.  52  of  the  record)  dred  with  a  iiarrow 
baud  projectile  ^ave  a  muzzle  velocity  of  1,402  feet  aud  25,7o0  j>>ouudi3 
pressure. 

The  target  at  a  mile  is  shown  in  Plate  V,  the  mean  vertieal  deviation 

was  2.05  feet,  the  mean  horusouUl  3.35  foct. 

The  first  shot  in  the  second  scrii  s  (No.  of  the  record)  jr^ve  a  muz- 
zle veloeitj'  of  1,501  feet  and  2<»,r)(Mi  pounds  pressure.  The  diameter  of 
the  band  was  reduceil  from  3.31  to  3.30  inches. 

The  target  at  a  mile  is  shown  in  Plate  VI.  The  mean  vertical  devia- 
tion was  1.81  feet,  the  mean  horizontiil  deviation  was  1.53  feet,  while  a 
less  elevation  was  rcqiiirt'd  to  roach  the  tnrjirct,  showing  that  tlds  band 
ga  ve  lor  the  same  cliar^xe  an  increased  accm  acy  and  rauge.  The  superi- 
ority of  the  broad  baud  was  thus  uiude  umnitent. 

The  trial  was  conolnded  l)y  placing  a  narrow  band  in  a  groove  not  out 
about  the  center  of  i)ercnssion  above  referred  to,  bat  so  placed  that  the 
central  element  of  the  band  was  0.825  of  an  inch  in  rear  of  the  position 
first  given  to  it,  as  sliown  in  Plate  IF. 

The  target  at  a  mile  is  shown  iu  Plate  VIL  The  meau  liorizontal  de- 
viation was  2.05  feet;  the  mean  vertical  2.36  feet.  Thus  the  result  was 
inferior  to  that  previously  obtained  with  the  narrow  band,  which  in 
turn  was  inferior  to  that  obtained  with  tlie  broad  band. 

A  shell  burst  in  a  wooden  box  gave  the  following  results: 

Bursting  charge,  (i  ounces^  weiglit  of  shell,  12.6  pounds;  weight  re- 
covered, 12.4  pounds;  30  fragments;  18  fragments  under  lonnee  weight; 
21  fragments  over  1  ounce  weight;  1^  fragments  over  2  onnces  weight. 

Considering  fragments  over  I  onnce  weight  ett'ective,  there  rosnlted  21 
etli'cti  ve  fragments.  The  pieces  were  tairly  uniform  iu  size  and  the  shell 
appeared  to  be  equally  strong  throughout. 


SUMMABT. 


y«my  bMOid,  0.85>iii«ib  wf4«,  mrmuidiiiK  ««slar  of  pMooa- 

Bnad  iNUtd,  O  5-inch  iKdet  snmnindfaiiF  omtor  of  percnsafon . 
NuTov  bttiitl,  0.36>ifi«)i  Wide,  0.82$>inob  in  rear  of  oeoter  of 
percitMloa  


I  Mnati 

Tdodty. 

iiich. 


ntL  Punutda. 


Meui  dflviaiioa. 


"•^Vortical. 


1904. » 
1802 


28.208 

i3.na 


MM    I  24.7S0 


Aef. 


8.85 
1.63 

3.M 


Aft. 

'  a.«is 
9.3e 


Ib  Nil  «MM  m  dw  HBMrtli  ffight  was  obaervcd.  The  mtua  devlatioDa  «i«  taken  from  PJatea  V,  VI, 
and  VII.  llwTaDge-iraa»aoenntdy«pnUiig,87jardalc«alliaiiaiDile. 

The  reoommendatton  of  the  Board  is*  that  shell  for  the  S.2  inches 
converted  breechdoading  ritle^  be  sopplied  with  copper  band  0.5  inch 

■wide,  arranged  as  shown  in  the  accompanying  drawing. 

The  3.2  iTich  converted  jrwns  now  in  service  were  ehambei'ed  for  the 
Hotchkiss  shot.  If  theshell  above  referred  to  aie  issued,  a  slight  change 
will  be  required  in  that  pjirt  of  the  bore  whei  e  the  band  bears.  The 
counter  bore  in  rear  of  the  lands  and  the  diameter  must  be  increased 
slightly.  Templates  of  bra.s.s  can  be  prepared  at  Sandy  Hook  and  sent 
to  the  establishments  where  the  enris  in  srrviee  are  to  be  elinna'ed. 

The  base  fuzes  weie  furnished  hy  liulchkiss  &  Co.,  of  Taris.  They 
were  iuteuded  for  use  against  ligiii  armor,  and  are  unsuitable  for  serv- 
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icti  in  tbe  iield  agaiust  obstacles  of  flight  resistiug  power.  It  i»  thought 
that  a  small  number  of  liigta-resistanoe  fuses  should  be  supplied  to  each 
bfttterjr,  and  tbat  more  sensitive  fnzes  should  be  furnished  for  ordinary 
use. 

In  a  letter  froTii  Mr,  ITotchkiss  to  tbe  Cliict  ol  Ordnance,  ilatwl  Paris, 
April  8,  1884,  wliich  letter  waij  referred  to  the  Ordnance  Board  for  in- 
formation, it  is  stated  that  modified  base  fuses  would  be  sent  to  New 
York  arsenal,  but  ftS  yet  they  have  not  been  received. 

Firing  and  ^«tar  puige  records  atrconi puny  this  report,  and  give  full 
details  of  the  ex|>erimenUi  with  solid  baud  shell. 

T.  G.  BAiLOli- 
Oolmel  of  Ordnanoe^  Pretident  of  ihs  Board, 

GEO.  W.  McKEE, 

Major  of  Ordnnnce* 
CHAKLES  Sff AT,T:R, 
Captain  of  Urdiumce. 
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Fired  at  mile  tarn^t.  Target 
20'  X  40',  made  of  l-iuoh  sprooe 


Mean  vciticitl  doviatli 

XvT  of  impact,  0'.28. 
Hrnri  horizontal  deviatias 

center  of  impaoti  V.tL 
Mean  devintiok  ' 

pact,  6'.67. 


Flrexl  at  mil«»  tarna  Target 
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Mean  vertical 
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pact.S'.sa 
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boarda. 


vertical  deviatioi 
ter  of  impact,  2'.05. 
Mean  horuontal  deviatiail 

oenter  of  impaet^  8'.S5. 
Mean  dvviatiMI  fki 

pact.  a'.93. 
Gun  waahed  oat, 
•tar-ganged. 
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Vertical. 

HorizontaL 

Above. 

Below. 

iiigbt 

Left. 

1 

SiH'rial  ri  inarltB  about  each  fire. 
Vertical.     1    HomontaL        aik  ii     i  flW-t  on  piece,  aoand  of 

pr>'i  *  tile  in  Hight,  scattartBgOff 
IraguieaUi,  etc,  etc. 

Above.  Below.  iU|;ht.  Left. 


fiCktiag  ihot. 

8.M 
2.60 
2182 
2.00 
4.26 
2.50 
7.7B 


i 


6.0O 

&M 

&8P 
400 

7.70 


18148 

»ii8-i-8=:3.8I 


48.n 


1.81 


LSI 
«.» 
1.81 


LSI 


1.85 


0i44 


T.18 


•.M 


7.1 


178 


L84 
L78 


CIO 


L22 

0172 

1.22 
0.72 
1.22 


CIO 


48:76-1-890.22  |  14. 46-«-^=L  81  1  12.20-*-8=1.68 


llnilBtoMBdtatt. 
tt^ttngOhot.  


Fired  at  mile  target.  Target 
20*  X  40*,  maoe  of  l  inoh  tpnioe 


Mean  vertical  deviatlMI 

terof  impaot,  1'.81. 
Mmo  horUonttI  deriatlMi  htm 

oenter  of  tmpaat,  I'M, 
Meaa  derlAtioa  mni 


2.83 

2.76 
0.76 

4  76 

1.75 

8.87 
0l87 

2.67 

8b  75 
7.85 

8.18 
408 

i'ii 

0.00 
8.00 

6.00 

i'fli 

LOB 

7.57 

408 

8.28 

i'48 
0.88 

418 
2.18 
0.18 

2.67 

i.26 
3.00 

460 
2L00 

188 

0.02 

0.6T 

ft.  88 

8.88 

18.18 

10b  88 

18L88 

18b  18 

18.18 

118r«-t«L88 

88.184>8«1.0r 

ILlO^lalW 

28b88^8>il85 

10'X40', 


tanei.  Target 
)«fI<lMli  qpmoo 


taroflmi 


 eflaipM^y.84 

ViMUi  dovtatka  fkMB 
pMl^y.84 

vm  waohod  oat  esanlned,  and 
■talwfMigad.  TMpowder-oham* 
bot;  aomOM  the  rear  part  of 
 (be40 


 .  I  enlarged  «inoe  1  

nrnad  fkmn  tlo  to  tIo  of  oa  lack. 

KonmUO,  mounted  on  wooden  carriage  with  rope  brake.  IConnda  41-51,  inclasive:  rope  brake  replaced 
bj  BuiUogtoD  brake  ;  trail  nnd  MtiM'k  of  carriai;e  l>adly  cracked.  Knunda  52-73,  iodasive:  mounted  on 
iron  carriage  with  rope  brako ;  tlio  trail  was  biullv  b*>nt.  Rounds  74-8t :  rope  brake  replaced  by  Baf* 
flBgton  brue.  Kound  .v.>:  nfxcr  round  41  the  uu'tiiidt«  joint,  between  the  ateel  roc«iverand  wrought* 
iniibody,  wait  Toiiuil  to  have  opeuml,  and  gaa  wan  escaping  along  the  steel  plug  which  bad  been  in- 
•erted  by  the  Wi^Ht  Point  Fonndery  AaaocTation  to  fill  up  the  old  vent  boHhing;  the  steel  ploc  waa 
then  replaioed  by  a  copp«  r  eno ;  after  round  52  the  opening  between  ateel  and  wruagbt  iron  waa  found 
to  be  0.011  iaeh,  aai  iacreaeed  aabMaaenUy  but  aliihtly.  Ihe.tftrget^  reported  ae  being  dietaat  am 
■riK  w«M  Mi^  87  jfttde  Ohort,  la  oo&a«o^ 
gnn. 

Shell ex^odedi  bnratlng  charge.  6  ooaoM;  vol^tof  obdl,  IMpooadsi  w«i|^«f  aholliwvwod, 
mpwaAYli  IhigMent^  18  unSu  1  wmoob  81  tor  1  wiaoo,  18  for  1  waooo. 
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Appendix  16. 


MSFOBT  Oy  SHRAPNEL  AXD  SHELL  lOIl  S.i-JUCB  QVN  BY  XMM  OSB- 

NANCK  BiiAKD. 

(2  plateB.) 

Ou  June  7,  1883,  the  Board  forwarded  to  the  Bureau  designs  for  a 
abrapnel  and  Ahell  for  a  3.2-inoh  breecb-loadin^  ritle,  with  a  request  for 
authority  to  procaie  25  <»f  ^aeh  for  trial  at  Sandy  Hook. 

These  projectiles  wore  to  bo  made  with  tho  ITotchkiss  band  and  to  be 
arratijtred  so  as  to  nso  a  tiinc  fiizo  at  the  point  and  a  percussion -fnzo  at 
tbe  base.  Authority  wait  gmuted,  and  the  projectiles  were  ordered 
from  MMfm.  Hotebkffm^  Sonn,  Bridgeport.  Couti, 

The  shrapnel  were  nut  ordored  to  be  made  exactly  ill  aeoordatioe  vith 
tho  (Irsi^ni  forwardod  to  tlu?  Bureau ;  the  walls  wore  to  be  tbicker«  80 
that  th«-y  niijrlit  be  reduced  as  experiment  would  justify. 

Ou  December  4,  1883,  the  trials  couimeuced,  when  2  shrapnel  and  3 
abell  were  flred  to  obtain  presanreaand  reloeities,  and  at  the  same  time 
ascertain  whether  the  point  fuze  would  work,  the  base-fuze  hole  b^ii|f 
closed  by  a  solid  plug.  The  weights  of  tho  slirapnol  and  sholl  were  re- 
spectively 15  and  1'^  pounds,  and  the  charge  of  powdor  in  both  easom 
was  3  pounds  of  i.K.B.  p<»wder.  The  average  velocities  aud  pressures 
were  for  tbe  abrapnel  1,380  feet  and  23,750  poanda,  and  for  the  shell 
1,475  feet  and  23,600  pounds.  Tiie  shrapnel  in  thia  oaae  correapooded 
to  the  tlraw  ing  sent  to  Messrs.  IlotJ^hkiss*  8ons. 

Three  of  the  shrapnel  were  then  roamed  ouf  to  oorrospond  to  the 
thickness  of  the  walls  ou  desigusent  to  Bureau  and  tired  ou  December 
6^  18t)3,  when  2  oat  of  the  3  broke  up  in  gun. 

This  restdt  indioatod  that  the  walls  of  the  shrapnel  oonld  not  be  aafely 
rodfircfl  tf»  rhr  d  1  nioiisiiuis  of  tilt*  Original  dosi;;i^ i^nj it  was  consoqucutly 
ooncludod  to  retain  the  same  thickuesa  us  ordered  &oui  Messrs.  Hotoh- 
kiss^  Sons. 

It  waa  thought,  however,  that  the  weight  of  tbe  ahrapne!  was  too 
great,  and  that  it  waa  important  to  have  the  weights  of  the  shell  and 
shrapnel  as  nearly  0(|na1  as  {MMsible,  so  that  flic  riinos  of  bursting  of 
each  would  correspond  in  range  for  the  snnio  lonyth  of  time-fuze.  In 
order  to  eft'ect  this  it  was  concluded  to  reduce  the  leugili  of  the  cylin- 
drical i)art,  and  2  were  prepared  tu  tbia  way ;  one  with  the  bead  or  cap 
made  of  brass  pinned  on  as  liefore,  aud  the  other  with  a  cast-iron  cap 
screwed  on.  Those  won«  fired  on  February  1?0,  188 1,  with  fjood  rosults 
as  far  as  thestron^ah  of  liio  shraiim  1  was  concerned.  Five  utiiers  were 
prepared  by  the  same  reduction  lu  length  j  four  of  them  with  brass 
caps,  two  of  which  wcie  pinned  on  and  two  aerewed  on,  and  one  with 
oaat-ifon  cap  screwed  on.  These  wore  ilied  on  March  5  and  gave  good 
Malta.  Six  more  were  prepared  of  the  same  length,  with  oast-u-on  oapa 
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screwed  to  the  body  of  the  shrapnel,  and  were  fired  March  12  and  gave 
good  molts 

OONOLUBIOnS. 

Tlie  Board  is  of  opinion  from  tlie  resnlta  thus  obtained  that  the 
dimenfiionn  of  the  slirapnel  for  a  3.2  iuch  ride  should  be  as  given  in  the 
drawing  herewith  forwarded.  The  brass  caps  are  preferred  to  the  cast- 
iron  ones,  for  the  reason  that  the  latter  are  uable  to  have  blow-holee  in 
them  from  sueh  thin  castings,  and  serewing  on  is  thought  to  be  better 
than  the  use  of  pin^. 

The  dimensions  uf  the  shell  as  shown  in  the  drawing  forwarded  to 
the  Ordnance  Office,  February  5, 1884,  are  also  recommended,  yofirings 
have  been  made  with  these  projectiles  yet  to  test  the  base  fuze,  bat  it 
is  recommended  thiit  both  projeotUes  be  provided  with  point  tiaie-fkuw 
and  base  percussion  fnze. 

The  dimensions  of  the  shrapnel  are  given  for  the  Hotchkiss  baud, 
bnt  it  is  not  thought  that  any  variation  mil  be  made  except  to  sabstitute 
an  ordinary  copper  band  for  the  Hotchkiss. 

Tlie  dimensions  and  location  of  tin's  bund  will  be  determined  as  soon 
as  tlie  lioiird  has  the  3-ineli  ^nn  altered  authorized  by  indorsenient  on 
Board  letter  of  March  13,  1884.  This  report  is  made  iu  iMlvauce  of 
oomplete  experiments,  so  as  to  give  as  much  information  as  possible  in 
answer  to  Bniean  letter  of  Joly  28, 1888. 
The  firing  records  are  herewith  inclosed. 

T.  G.  BAYTiOR, 
Colonel  of  Ordnance,  President  of  the  BcHird, 
GEO.  W.  McKEE, 

Major  of  OrdnamM, 
CHABLES  SHALEB, 

Captain  of  Ordnanog^ 
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Bmnrd  o/Jin»g  witk  8.804mik  bneeMMOing  ti/le  No.  774,  chambered^ 


Barometer,  30.3S0; 
♦hcntinmoter,  31; 
humidltjr,  68. 
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•5  Time. 
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im. 
{  8SO  D«&  4 


!  .4 


Barometer,    M.?33 ; 
Utermometor.  60 ; 


Barometer,  30. 376 ; 
thermometer,  41 ; 
htunidity,  SI. 


V.T66; 

lhttnometcr,87.7 ; 
humidity,  46. 


m  Dm.  4 

'ttSDML  4 


6l>3  Dec.  4 


854  Doo.  4 

I 

856  Dec.  6 

j 

Sm'Dm.  6 


8S7  Dec.  6 

I  1884. 
171  Ttob.  20 


Barometer,  30.319; 
(lieinDOineter,  28 1 


872  Feb.  20 


874  Mar.  S 
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JStmdy  Hook,  X.  J.,  from  D^ombw  4, 1883,  to  Marek  5, 1884. 


a 
e 

0 


a 


H 


TiriH-  to 
buratiug 


Si 
to 


S 

et 
o 

1 


Time  to 
bonUog 


S  ' 
S 
t 


1,153 


1,129 


rka  »bont  each  Arc  <nr]i  a--  i  fTrTton  plcrr,  sou: 
in  flight,  •caUoi'iQg  uf  IrHgiueaU,  ot«.,  etc. 


••5 

m 


a 

c. 
e 


If 

.3 


Broke  ap  in  gun  . .. 


BratevpingoB. 


Tho  Hlirapnel  obwI  in  ronn<is  851  anil  -^M  were 
lMirt>d  out  811  i\>  til  liiivc  iiitt-rinr  dianift«'r 
of  2  inches  aiiil  i  iiiitaiiii'd  i»  liiir!<tiiit;  rlmrj^o 
of  1  j  oinici  s  of  miiski  t  jxiwiUt.  which  in  in- 
cludfd  in  the  wi  icht  i  n  of  15  jK>un<i8. 
f'outained  ll.'>  lf;iii  lulU   :!  '  to  the  pound. 

The  Hindi  uhimI  iu  rouiulf  8.".".  ami  K54con- 
tainwlaburntini:  cliiir^c  of  SJ  ouiire*,  which 
isiiicluded  iu  th<>  wciulit  ^ivcn  of  K<  ]>oiind8. 

The  shrapnel  u.h»h1  iu  roundn  W5,  j-.V),  and  857 
were  made  iu  accordance  with  the  drawinc 
fuminhed — tlie  uunilx  i  of  halls  contained 
in  each  one  beinjt  written  under  the  word 
nliiapnel  in  the  column  hoa<led  projectile; 

UieM  alao  ooouin  a  borauag  oh«rg«  of  If 


Tfared  over  water.  Krapp  timo>AMM  Mt  to  < 
Bel  i^boblj  did  not  bt««k  op  or  ozplodo. 


«splod«all,IMjMdi.  8hnf« 


nnd  over  water.  Kmjpp  time-fki»e  set  to  explode  at  M 
Ml  did  not  explode,  struck  water  in  1 aeoonds. 

The  shrapnel  need  in  nmnd  871  contained  a  bursting  charge  of  1}  oimoM 
nnaket  powder  and  107  lead  balla,  81  to  the  pound,  the  woijriit  of  both 
Imrstiox  obarce  and  ball*  being  indnded  In  tho  weight  given  oflt  poaaia. 
The  cap  of  tbu  ahnpnal  was  made  of  bwaa 

The  ahrapnel  lued  la  romkl  873  aame  aa  ononaed  in  ronnd  871  with  the  «k> 
oeption  that  the  «n  was  Mda  of  oaat  fran  iaafeead  of  bnaa,  and  both 
differed  from  thiMouiilB  tDoadaSBl.  and  foUowiag.  la  that  liio 
were  screwed  to  toitOTffl  of  Wlag  plaaod  to  tka  body  w  tha  dm^aaL 

4Ui 

Krupp  timo-fbse  aet  to  explode  at  1,0M  yarda.  BontlaalrlM 

yards  in  fhint  of  target,  abovt  SO  iNt  abovo  noaai. 
Khipp  time-ftaze  set  toexplodeat LOMyahla.  Did aoloaqploaa. 

Struck  ground  118  pacoa  beyond  last  target. 
Krupp  time-fuze  set  toexplodeat  1,004  yaraa.  Borstia air  om 

front  target  andabont  SO  feet  above  ground. 
Krupn  time  fuze  aet  to  explode  at  1,039  yards.  Bnist  In  air  9S 

vardH  in  front  of  front  target  and  about  SO  fisot  above  ground. 
Knipp  time- fuse  set  to  espuxle  at  1,039  yards.    Burst  fn  alrovor 
front  target  and  abont  40  feet  alnive"  ground     The  Hhrapnel 
usedinroundn874. 878,877,  and  878  ha«lbra)»«  capn,  the  capn  in 
ronndu  K74  and  877  being  twrewwi  to  the  body  of  the  ahrmpnel 
c  -      Slid  the  C4ips  in  rfiuudn  K76  and  878  being  faHtened  to  ahrapnel 
j|8Ctt       by  Hcrew  pins.    The  nbrapnel  iu  round  875  bad  caat-iron  cap 
*^rr>.       which  was  !*crew<  il  to  tlie  body  of  the  shrapnel.    All  the 
shrapiit  1  cunt.'ilni  li  i  hiirHting  charge  of  l}ouncefl  mnsket  pow- 
der, and  UU  lead  Iwils— 32  to  the  pound— the  weight  of  both 
bursting  oharfo  aad  bolleta  bafaif  taeladed  ia  tbo  w«l|^ 
given. 
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«l  AnM%  SM^  jr.  «r.,  M  Jr«rcft  IS,  1884. 
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1 
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fllgbW  Mfttterifig  of  tng/nrntM, 
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Krnpp  time-faxe  set  to  cxiilode  at 

W  in  front  of  target,  and  SC  aboffV 
Krupp  time-faxe  set  to  explode  at  V 

ing  50'  in  rear  of  front  target. 
Knipp  time-ftiM  Mt  to  explode  Mtyavdl. 

SC  u>  ^nt  of  target,  and  30*  aiNPVft 
Krapp  time-fuse  aet  to  explode  St  (M 

21  yarda  in  ttaat  of  target. 
Kmpp  time-fase  aet  to  explode  at  DM 

abort  of  target  and  probably  bunt. 
Krupp  Ume-faze  set  to  exploa*mt9M 


Stbe  shrapnel  naed  in  roondal,  2.  3,  4,  and  5  bad  caat-iron  caps  screwed  to  th* 
liodv  of  the  abrapnel,  and  contained  a  bnrating  ebarge  of  1]  oza.  mnaket powder 
and  IIU  U  ad  balls  82  to  the  pound.  Tli«  wdlBi  of  the  balls  and  bursting  chargs 
being  included  in  the  weignta  giTsn. 
The  abrapnel  iu«d  in  nmnd  6  badcasMron  cap  screwed  to  the  body  of  tb«  abn|i> 
nelj  and  contafiMd  m  Imrstbig  charge  of  1|  ozs.  of  musket  powder  and  IM  ItiA 
baua  32  to  the  pound.  Tha  weight  of  bonitng  ohatfenadbaltolMtnginaliidad 
ia  tbe  weight  given. 


Digitized  by  Google 


I 

Digitized  by  Googic 


PLATE  I. 


Digitized  by  Google 


I 

I 


Digitized  by  Google 


FUTB  U. 


J 


X 


I  i  ■  I  r 


I. 


i '  I !  r;rT' ri  i  m  :  i'i-i ;  i-^- ;  , ,  ^  rf 


-r-r 


■  I  , 

1  . 


1 1  r  I  M  ' — '  1 1 '  r 

~J«-l»-«-«l        •  .4  >  »■ 


l  ■  V 


TTTTTTir— 

ti      l*  • 


«  t  «      *  f 


4  .t 


X 


4.  fc^,r<a^ 


Digitized  by  Google 


Digitized  by  Go 


mAL  OF  10- JA'CB  JtlFlSD  310BTARS  XOS.  1  AKD  9,  BT  THE  ORDNANCE 

BOARD. 

(5  plattfs.) 

By  directiou  of  tbc  Cliit  f  of  Ordnance,  in  a  letter  diitt'd  July  10. 1883, 
a  ttivst  was  made  of  two  rified  iimrtars  formed  from  two  10-inch  smooth- 
bore Kodniau  guns  l)y  cutting  theui  ott  at  pluueH  30  iucbefi  from  their 
mnzzlen  and  litliiig  them. 

The  mortars  differed  in  their  filling,  and  were  immbered  1  and  2. 
Mortar  No.  1  contairuMl  tliirty  lands  and  tliirty  pooves  O.OTo  inches 
deep  of  right  haitd(  il  twist,  iitereasiug  from  one  turn  in  one  hnndred 
calibers  at  the  bi*eech  to  one  turn  in  thirty- tive  caliberi*  at  1  inch  from 
tbe  muzzle.  Mortar  No.  2  bad  forty  lauds  aud  forty  grooves  0.(H  inches 
deep  of  right-hauded  twist,  increaeiui^  ftcm  od6  toni  in  forty<flve  cali- 
bers at  tlie  breech  to  one  turn  in  twenty-five  calibers  at  1  inch  from  the 
muzzle.  In  bf)th  mortars  the  length  of  chamber  was  7.')  iuciies,  tlie 
length  of  l>ore  was  inches,  and  the  lengtii  of  tlie  ritled  part  of  the 
bore  was  72.5  inches.  To  overcome  their  very  considerable  prepouder- 
ance  a  coimnter|H>ise  ring  of  lead  was  cast  about  the  mnssle.  For  this 
purpose  two  wrought-iron  rings  were  jdaeed  about  the  chase,  one  at  the 
mtjzzle,  the  other  at  a  tlistance  of  15  inches  fnim  the  first,  both  rinpfs 
being  fastened  with  set  8cr(*ws.  A  easing  of  sheet-iron  was  th**n  fas- 
tened to  the  iieriphery  of  the  rings  by  screws,  aud  an  opening  in  the  top 
of  the  casing  was  left,  throagb  which  was  poured  a  qnantity  of  molten 
lead  snfiBcient  to  overcome  the  preponderance. 

The  earriajre  used  for  these  mortars  whs  made  by  l)olting  to  the  irderior 
of  ilie  cheeks  of  a  IS-inch  carnage  radial  struts  which  at  their  iij)])er 
extremities  bore  trunnion  beds.  Caj)  squares  weie  also  attached  to  the 
cftrriage* 

The  projectiles  were  thirty  six  ordinary  Botler  10-inch  shell,  provided 
with  three  different  kinds  of  >;5lM>fs,  (Iniominated  sabots  A.  H.  and  C. 
6al>ot  A  was  of  the  Ikitler  form,  dilfcring  fi  urn  those  heretofore  furnished 
for  the  lO  iuch  shell  in  that  the  lip  was  thirty-one  thousandths  of  an 
inch  thinner,  while  the  lotwve  was  deei>er.  Sabot  B  was  of  brass,  hav> 
ing  a  lip  0.25  itich  thick  at  the  Invse  and  a  depth  of  0.85  inch,  with  30 
ribs  on  the  ext«*rior  which  fitted  the  grooves  in  mortar  No.  1.  Sabot  C 
was  made  of  brass  also,  and  was  similar  to  the  Dard  8ab(»t  des( nbcti  in 
Construction  Notes  No.  8,  aud  illustrated  in  Fig.  15  of  that  note,  but 
differed  ftem  the  one  therein  desorilied  by  lacking  tbe  two  grooves  on 
the  exterior  cylindrical  sarfaoe.  The  oom|)osttion  of  the  alloy  was  the 
Sa'itc  for  at!  those  sabots. 

The  prograiiinie  of  trial  which  the  lioard  was  <lirected  to  carry  out 
aud  the  expected  ranges,  velocities,  aud  pressures  are  showu  by  the 
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fbllowing  tabalar  statement.  ProJeotileB  with  sabots  A  and  B  were  to 
be  fired  from  mortar  Ko.  1;  those  with  sabot  C  from  mortar  No,  2  only» 


Table  I. 


r 


I  I 


Nomber  of  ronods. 


PotmS$. 
80 
80 
SO 
15 


CM.  In. 
88 
88 
88 
76 


o  #  I  Zte^< 
6  15    1.M0  to  2*300 
28  98  '  6.  r>00 

48  t  7,000to7,SO0 
80         Not  Kiren. 


Total  n  amber  to  he  fired 
Total  number  supplied .. 


Number  retuaiuiug  to  determine 
latttel  ▼aiooltj  ■ 


Sabut  Sabot , Sabot 
A.       B.  ,  C. 


3 
3 
S 

s 


3 
3 

■i 

2 


le  I  10 


3 
8 
2 
2 


10 


14 


10 


12 


For  30-pound  charges,  velocity  required  about  960  feet ;  preasnre.  about  29,000  pounds. 
For  15-ponnd  aliariiaii,  vdoolty  nqnlnd  fnm  680  to  760  fisM.  Pnunn  in  no  OMe  to 

pounda. 

iltotaooe  «f  Imm  of  pn^MtllM       botton  irfliofe  ilMmt  17  8  ioci^^ 


As  tbe  above  table  showH,  ten  projectiles  of  each  kind  were  to  be 
fired,  and  ftom  the  number  supplied  there  were  four  with  sabot  A^  none 

with  sabot  and  two  witL  sabot  C\  which  could  be  utilized  in  deter- 
miinii'j-  i?nri;i1  velocity  when  firin;^'  into  the  butt.  ;ni<l  tlii?*  velm.Mty  conld 
also  he  determined  for  the  tlm  •  siiots  in  eaeli  sene«  tired  under  6®  15'. 
The  pressure  could  be  determined  tor  each  round. 

The  trial  of  mortar  No.  1  was  oommeneed  August  1, 1888,  bj  firing 
one  round  with  a  sabot  A  prcyeotile  and  a  charge  of  30  iwnnds  of  E.  V. 
M.  ])(>\v<l»*r,  li  n  ing  a  speriftc  gravity  of  1.7r>0  'itkI  a  granulation  of  72. 
The  air  sjKiee  was  ;>8  eul)i(;  inches  to  a  pound  of  i)owder,  the  (iistam'f 
between  the  bawe  of  the  projectile  and  the  bottom  of  the  bore  being 
fixed  by  a  stick,  1  inoh  square,  inserted  in  the  cartridge  baj^.  The 
instrumental  velocity  at  112  feet  from  the  mussle  was  but  858  feet,  and 
as  the  crusher  «2:ani:e  <::ive  no  indication  of  prc^^snn*  a  second  round  wn? 
fired,  in  which  tiie  con<iition«of  loa<liii,u:  vvcre  the  .same,  while  the  distance 
between  tlie  wire  targettt  was  so  diiniui.shed  that  the  itisLruuiental 
velocity  might  be  determined  at  87.5  feet  from  the  mnzsle,  as  it  was 
deemed  possible  that  the  recording  instruments  had  been  interfered 
with  by  the  shock  of  disfharge  reacliin<^'  them  before  tliev  ]Kid  been 
aclnaled  by  the  projetttile.  The  velocity  in  this  secoml  round  was  799 
feet,  which  was  less  than  that  dtisired,  and  as  the  crusher  gauge  again 
foiled  to  indicate  any  pressure  the  Bodman  gauge  was  so&titoted 
for  it. 

In  the  third  round  fired  with  a  sabot  A  projectile  and  the  same 
charge  a«  before,  a  pound  of  powder  was  caused  to  occupy  a  space  of 
36  cubic  iuches,  but  the  velocity,  8128  feet  at  87.5  feet  from  the  muzzle, 
and  the  pressure,  9,000  pounds  per  .square  inch,  were  so  low  that,  in  the 
fourth  round,  the  air  space  was  reduced  to  30  cubic  inches  per  pound 
of  powdw.  The  velocity.  W.\  feet,  and  pressure,  14,500  pounds,  beinir 
still  too  low,  it  was  coneiudi d  that  the  projectile  should  be  placed  in 
contact  with  the  charge  during  the  subsei^uent  firing.  At  the  fifth 
round,  with  the  sabot  A  projectile  in  contact  with  its  charge,  the 
instrumental  Telocity  at  87«5  feet  was  031  fieet|  and  the  pressure  wss 


Digitized  by  Google 


4 


JtBPOBT  OF  THE  CHIEF  OF  OBDNANCE.  173 

X7y500  poands.  This  velocity  approxiumted  to  that  laid  down  in  the 
programme  aod  was  ooneidered  satisfactory. 

The  firiDg  noder  6^  IS'  of  three  rounds  with  the  sabot  A  projectile 

then  bc/ran,  and  gave  a  inean  ran^rc  of  1,994  yards,  with  a  mean  lateral 
ib'viation  of  a  littli»  over  7  yards,  ibe  errors  corresponding  very  nearly  to 
the  difiereoces  in  instrumental  velocityi  while  the  projectiles  all  gave  a 
fydr  flight. 

Three  rounds  were  then  fired  under  the  i^anit-  angle  with  the  sabot  B 

projtH-tile  and  tlio  samf  chaij^c  of  powder.  TIk'  raiiiros  were  lower  and 
the  deviatiojis  were  not  qnite  so  regular  a?*  with  llie  sabot  A  projectile. 
Of  the  flights  one  was  iaa*  while  two  were  slightly  irregular.  It  was 
^opposed  that  the  diminotioD  of  range  and  the  irregalarities  of  flight 
might  have  been  due  to  the  fact  that  the  sabot  B  projectiles,  which,  as 
stated  before,  were  ribbei!.  cnnU]  not  rest  in  contact  with  tlie  ciliar^c, 
being  stopped  on  reaching'  thf  bottom  of  tlie  ^'rooves,  whereas  the  sabot 
A  projectiles  could  pass  down  the  bore  beyond  tiie  groves  until  they 
rested  upon  the  cartridge  bag.  To  take  np  the  space  between  the  bot- 
tom of  the  sabot  B  pi*ojectile  and  the  charge  3  pounds  of  powder  were 
^fldod  in  the  subset] iient  rounds,  making  the  total  charge  fired  with 
Uiese  shells  last  mentioned  .T^  j>nnn(ls. 

Firing  under  26^  oiy  with  the  sabot  A  projectile  gave  a  mean  iJies- 
snre  of  22,700  pounds,  a  mean  range  of  6,786  yards,  and  a  mean  devia- ' 
tioD  of  45  yards.   The  mean  errors  in  range  and  deviation  were,  respect- 
ively, 74  yards  and  1      yards.    As  the  range  of  one  prrtjectile  was  lost, 
four  were  fired,  of  which  three  gave  a  ^imd  and  one  gave  a  fair  flight. 

Three  sabot  B  projectiles  were  then  tired  under  the  same  angle  with 
4t3  pounds  of  powder,  giving  a  mean  piessnreof  18,700  poands,  a  mean 
tange  of  6,588  yaids,  and  a  mean  deviation  of  59  yards,  white  the  mean 
errorn  in  ran<;e  and  deviation  wovr  M)  yards  and  16  yards,  respectively. 
Of  the  tiigbts  two  were  fair  ami  one  was  good. 

Firing  nnder  45°  with  the  sabot  A  projectile  gave  a  mean  pressure  of 
20,275  pounds,  a  mean  range  of  7,474  yards  and  a  mean  deviation  of 
260.5  yards,  while  the  mean  errors  were  r>S.5 yards  and  1.5  yards.  One 
projeerih'  s:ave  a  sUghtly  irregular,  tlie  other  a  gowl  flight.  The  sabot 
B  projtH  ule  fjave  a  mean  ran^o  of  7.1."l  >  ards  and  a  ini*an  (h'viation  of 
yards,  wuirmean  errors  iii  lauge  aud  deviation  of  375  yards  and 
9J>  yards.  One  flight  was  good  and  one  was  fair. 

filing  under  60°  was  to  be  carried  on  with  15  pounds  of  powder  only^ 
sm\  as  a  lot  of  sabots  fnrTnshe<l  for  thv  I'ntler  lO-ineh  projectilen  some 
time  ago  were  on  hand  ilie  projectiles  n-eovered  after  previous  tiring 
were  furnished  with  these  old  sabots  and  tired  into  the  butt  to  deter* 
mine  velocities  and  pressoies.  At  first  the  projectile  was  placed  at  the 
same  distance  from  the  bottom  of  the  liore  as  in  the  prec-ediiig  rounds, 
with  30  ponnds  of  |>ow<ier,  but  when  fired  witli  15 pounds  of'spliero  hex- 
agonal powder  witii  a  density  of  1.728  and  granulation  ot  IL'.*,  it  gave 
such  a  low  velocity  anil  pressure  that  it  was  considered  iuipraeticabie 
to  use  any  air  space  with  snch  a  charge  of  this  powder.  It  was  then 
d^ided  to  reduce  the  thickness  of  the  lip  of  the  sabot  A  to  0.125  inch^ 
make  the  cannelure  in  tlie  base  1.25  inch  iiiKtead  of  0.8.5  inch,  and  fire  a 
fchot  wiih  E.  V.  M.  powder,  placing  the  projectile  in  tiie  same  position 
as  when  the  30  pound  charge  was  used,  and  recover  the  projectile,  for 
which  latter  pnrpose  it  was  fired  into  the  bntt.  Having  been  recovered, 
tbeie  were  no  signs  that  the  sabot  had  taken  the  grooves,  whereupon  the 
projectile  waH  placed  directly  in  contact  with  the  charge  and  again  fired 
and  recovered,  with  a  like  result,  it  wus  concluded  from  this  that  it 
w  a6  impracticable  to  fire  these  projectiles  with  15-pouud  charges  of  such 
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moldi  d  pow«]prR  as  we  hare  at  pn'sent  in  our  service,  as  tlieir  ilensi- 
tieH,  avei  agiug  over  1.7,  are  too  greut  to  give  tbe  necessary  exi>ausioii  to 
this  8*1  but. 

Two  roniida  were  then  fired  with  the  Mbot  B  ]>rojeotne  imder  the 
same  elevation  with  one-half  the  charge  used  Inifore;  that  is,  with 
pouuils  of  E.  V.  M.  powder,  the  ribs  of  the  sabot  Wmi:  nt  the  bottom 
of  the  grooves.  Tlu*  first  shot  moved  irregnlarlj  over  a  pnrt  t>t  its  pa,th 
while  the  second  tumbled.  The  conclusion  is  that,  with  our  powders  at 
l^aat,  15  i>oitDd8  is  too  small  a  charge  to  give  regular  flights  wfth  either 
tiie  But)i*r  or  ribbed  projcctilti  in  mortar  No.  1. 

The  trial  of  mortar  No.  2  commenced  Aufrtist  1  i,  1883,  with  the  firing^ 
of  a  3b- pound  charge  of  E.  V.  M.  jwwder  and  a  projectile  furnished  with 
sabot  C,  which  was  aimed  at  the  butt  iu  order  that  velocity  and  pres- 
sure might  be  determined.  The  instrumental  velocity  at  87 feet  from 
the  muzzle  was 958  feeti  which  being  satisfjw.tor\ ,  two  rounds  more  were 
tired  wilh  tlie  same  charge,  but  both  projectiles  "tumbled.''  One  round 
wuH  then  hred  with  the  ordinary  Butler  sabot  and  gave  a  ;;ood  tlight. 
As  the  principal  object  of  this  th  ii)<;  was  to  test  the  action  of  the  sabot 
O  projectile,  and  as  it  &iled  to  <;iv  e  any  snitable  results  the  firing  was 
disoontinned  tiU  fturther  orders. 

SUMMAEY. 

In  mortar  No.  1  the  sabot  A  projectile,  with  30-i)onnd  ohar^M's,  gave 
eight  fair  flights  and  one  which  whs  slightly  irregular. 

The  sabot  D  projectile  gave  one  fair  and  two  sli«^litly  irregular  flights 
with  ;^()  pound  charp's,  and  in  the  Ave  rounds  with  33-ponud  charges 
the  flights  were  all  fair. 

No  favorable  resolts  were  obtained  with  eitherof  the  projectiles  when 
charges  less  than  30  ponnds  were  flred. 

The  errors  in  range  and  deviation  wereaboat  the  same  with  the  sabot 
A  ami  with  the  snhot  H  projectih's. 

It  may  be  concluded  that  with  such  moide<l  powders  as  are  now  on 
hand  No.  1  mortar  with  the  sabot  A  projectile  gives  good  results  with 
charges  of  30  pounds,  and  the  sabot  B  projectile  with  charges  of  39 
ponnds,  but  the  latter  is  more  difficult  to  loaxl  than  the  former. 

In  mortar  No.  li  the  iTifxIitlcd  Dartl  sabot  was  unsatisfactory . 

In  conclusiou,  the  iioard  would  recommend  that  a  supply  ot  powder 
having  the  same  granulation  as  the  E.  V,  type,  viz,  72,  and  a  density 
of  nearly  but  not  less  than  1.6  be  obtained  and  tried  with  tliese  iaortan» 
Tlie  granulation  is  ina«le  the  same  to  facilitate  jirocuring  as  small  a  sup- 
ply an  practicable.  Five  barrels  would  be  enoiifrh  for  the  present. 
From  the  experiments  thus  far  completed  the  Board  is  unable  to  form 
any  deflnite  opinion  as  to  the  relative  merits^  the  two  kinds  of  rifling. 

GEO.  W.  McKKB, 
A£<9ar  of  Ordnancfi^  Senior  Member  preamL 
CHARLES  SHALER, 

(Jajjtain  of  Ordnance^ 
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B0Oord  0/  Jiring  with  r\fled  mortar,  No,  1  (joonvorted  /rom  a  lO-inoh 


▲.X.— BnimMter.  f 

10.021;  thennom-  I 
eter,  78;  bainid-<{ 
itT,  M:  wind,  6 
nuletMi  Iwiir.  I 


P.  If.— Barometer, 
29.982 ;  thermom- 
eter, 85;  humid  -. 


H.— Barometer, 
29.8S2;  thnrmoin- 
eter,  74;  humid- 
ity. 85;  wind,  16^ 


A.  M. — naromotar, 
29.975:  tluniuoni- 
etcr,  72;  hmiiid 
itv.  53;  wiTiil,  10 
aoilee  an  hour. 


p.  M  — IJiiroiiii'tor, 
S9.978;  tbennimi 
et^T.  78;  hiuiilil-' 
itv,  6S;  wind,  21 
mile*  an  hour. 


^  If. — Barometer. 
90.192:  thomiom- 
et«*r,  71 ;  huniid- 
itr,  71;  wind,  4 
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$m90ik-bore)tat  Samif  Sook,jS.  J.^jrom  August  1  to  Aug  tut  9, 1863. 
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Special  remarkii  about  each  tin-,  such  an  effect  on  piece,  aouad 
of  pvqjeetik  ta  fllffbt,  ■eatteiing  «f  ftafointo,  vto.,  ctr. 


(  D«Di4tf  ono«dinjc.38ciiblc. 
inrhea  tn  tlio  poaod.  a 
ntirk  17".  4  lone  beins 
in»i"if('«J  In  cartrJilirc  to" 
iniiiiitaiQ  projectile  in 
pniiior  pnaitinn. 
Donntiy  ol  loadln)i.Mcnbic 
irn-hen  to  tbe  poand; 
It-nirth  of  Btiek.  10".  S. 
Rodman  •alMtitut4>d  for 
onuber  jEaofce  in  thin 
and  mfaaeanent  round  n : 
dennity  of  loading  80 
cubic   iaelioo  to  the 

KtuDdj  leogth  of  cUck, 
'. 


Flight  fUr. 
¥U^t  fair. 


FIfglit  lUr. 

Fli;.'htfUr. 

Slighdy  im-salsrAlgbt. 
Sli(:btly  irregularfllgllt. 

f  *  ]  KliRht  nooA. 
Flight  fair. 
FliKht  good. 

2'   Flight  good. 


To  OTerrom'e  preponderaac« 
a  ban<t  was  attarbe«l  to  the 
mnule  coTitKiKtin<:  of  1.845 
ponndA  of  Ifud  iiidimrd  in 
Mu  iron  cuHin;!.  the  whole 
Wf  f  ehiufc  'J,205  pounds. 

To  adapt  the  15inrh  car- 
riace  selected  to  tbl%  laor- 
tJir  falM  'tnuiBlon  beds 
wern  addod,  thick, 
whirh  tren*  anpportMl  on 
tb<*  innido  by  au  additional 
brace.  3i''  aqiiare,  bolted 
to  the  ctieekH  on  the  1d> 
Mf,  along  tbo  Use  of  ttio 
middle  strut 


Huule  band  otsried:  all 
oaae^terews  im  rmr  eod  of 

band  brolcen  and  band 
started  forward. 
Mutile  band  started  forward 
aboot  4"  Oil  top  and  8"  bo. 
lew.  AftrrtblanMiiidband 
rwtvrA.  mpalrrd,  imd  to* 
plnood  nore  aecnrely. 


Pligbtfidr. 
Flight  good. 

Flight  llidr. 


Df-nHity  of  lo;i«liii>;  donble 
that  UMtMl  lu  rouada  o  to < 
18,  Inoloshro. 


1  Left  cheek  of  carriage  ahow* 
I   log  signs  of  boekuag. 

(  Both  rheeka  of  OOntegS.  tbo 

<    riKlit  Mliebtly,  show  ugna 

(  ofbncklme. 
Before  fiiiuK  round  No.  19 
che4'k«  of  narriace  re> 
palreii,  aa  follows:  Biaee, 
3J"  widt%  in.tvtMl  forward 
and  I  i  phiced  by  SJ"  (Miliars 
brae*,  aiid  tliiid  l>r>ii-e 
added  In  i«  nr.  SJ"  Hquare, 
for  1 6",  and  Iwlow  1"  l>y  SA*'. 
TwoliigH  on  eiich  Bid©  In- 
serted h«'twe«'n  chi'cks, 
b«It*^d  tot  Ik  III  and  wrewt  d 
lotrnnniou  bed-pluleH.  IJ" 
nAHt^inltling  Udt  addend  just 
in  front  of  in>ptT  jmrt  of 
front  traniton).  i"  bolts 
i'or  -Jd  and  3d  cheek  struts 
replaced  by  1"  Iwlts. 


Oil)  I  ORD- 


-12 
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Hccord  o/Jiring  irith  l(}-imh  rijl^  «it*r/af,  Xo.  1  (conrrrted  from  a 


I 


 I 


.1 

\ 


Tinw. 


Kind. 


Kind. 


P.  M.— Haroiiieter, 
30.151 :  theniioni- 
••lei  :  79;  linniid-^ 
ity.  «8;  Wiud.  7 
mllM  w  hour. 


—  ! 

1  j^iSJ, 

21 

Amu.  8 

22. 
J 

Aug.  8 

»i 

34. 

Aog.R 

A.1L— BWMMt«r, 

ao.lS(h  flitraMnn 

«ter,  76;  l)anid-< 
Uy.  «0|  wlad,  4 
nulcs  u  hoar. 


SS!  An;;.  9 

I 

26  Aiij;.9 
I 

27|  Aug.  ti> 


I»  N!  —  lUrometer, 
;jtM'JJ  thnrrooni- 
©ter,  77 ;  bniiilfl 
ity,  M;  win 
uilM  an  Itoar, 


  ,  '28  Aiu^0 


J 


a 


« 

§ 

tc 

H 


a 


u 


=  V  H 

150 


30 


I 


3^  4a  18, 7») 
SS8     45  M.100 


15  1. .J 
15 

10  i  8 


c 

St 


61 


3fi0,-|<'  500 


16.   8. J 


352      00  1.000 


353  60 


4,500 


....  ]  Ulu 


JSOO  S  I  382 
p.  404 


i 


3.0i 


3! 

s 
e 

^; 

a ' 
•  ■ 

M 

H  0.50 
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Spi'cijil  roTii.irkH  abont  each  flro,  such  m  efft  t  i  ;i  piecv,  HoanA 
Q         of  projuctiltt  in  flight,  •oattoriiig  of  fim^^nu,  oto.,  eto. 


Front  traniHMn  Mt 

c4irriMN»  lin»k«L 
Rlighttylmsiilw  flight 

Kllcht  eoo«1. 

Konnil.<4  21  and  22;  deottity 
of  loadiuic  thv  sauin  um  in 
rnnnd»  5  to  18.  Flight 
t;ood. 

DenHity  of  loadloft  tho«mM 
HH  rontutafito  16;  tbftt la, 
no  air  space,  Mid  as  shot 
with  BMbot  ooald  not  bo 
inserted  bo  Ait  within  thu 
t)orp  3  pounda  of  powder 
ha<l  to  be  added  to  cSMfa. 
Flight  fhir. 

Density  of  bediiur doable  (  Bsteiior  lip  of  si^thluMA 


Flight  fair. 


I>ou-<irv  (if  loailiiis  doable 
that  iis'mI  111  Mjiiudaf 
24.   Shot  tumbled. 
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A.  M.— Bai  uuieter,  30.144 ; 
tbf^rrooDjetcr,   71 ;  ha- 
midity,   02;  wiud  12' 
aiUMMihoiir. 


Record  of  firing  with  \0-inch  rifled  mortar 
IQonvertcHl  from  a  10-inch 


£  I 
<a 

<^  Time. 

o 


18^. 


! 


tf 


I 


Aug.  14 


14 


Aag.  14 


14 


a 

c 

e 
tf 

cC 


I 


I 


30  I- 
i 


30 


30 


3U 


I 

i 

.1.'' 

i  Ut. 


s 

o 


it 


S  ® 

.  o 


B  a. 


1  w  i 

;'ia 

<e  1 

a  > 

el  ; 

II 

1 

'II 

1.9 

d 

1 

a 

►  i 

Feet. 

ilOi  i 


849     — i"  23,000  .   9o8  ,  7,25 


880   e  18 


18^400  •  M8  ;  &33 


350 


I 


6  15  I  12^  800     882    4.  tin 


::1 


.a 
T 

S 

d 
(J 
u 

E 


^    «  15  11,700 


Oil 


&88 
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■a 

J' 


O  ! 


s  c 


a1n<iit  eacli  tin-,  Hiich  tM  effect  on  piece,  sotUldoif 
flight,  ocatteriog  of  £nicnteiit«.  etc,  eto. 


I 


e.i/o   Fired  into  batt 

4  « 


!  W  ! 


.    1«  778  I  19 


•lM  I  IS 


o 

a 
a 

a 

«  • 


2^ 
I 

B 
1?5 


>> 


f  Shot  rfCOTered. 
I     •trippi  <l,  mi'l  Ilia 
'1    UiiuUcated  slipp 


Sabot 

tUh  (HI 

ilipplng  in 


r  Same  hand  to  oirsreeme  pnpond- 
-  erMA««iv««d  with  mortar  No. 
1.  bat  with  as  ponods  Ism  of 
Jedd  naid  wfth  tUs  mortar, 
maklasits  weight  S.260  poanda. 
Hud»  b«Dd  moTed  aUghtly 
finrwMdt 


Fllicht  ▼•rj  itvafidbr. 


Flight  very  irregolar. 
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BEPOST  OF  TU£  CUmF  OF  OJBDNANCE. 
Star-gauging  0/  lO-McA  ri/ei  moriar  No.  I. 


s 


1 


3 
•4 


Inches. 

72 

10.009 

71 

10.009 

70 

10.009 

60 

10.  009 

«8 

10.  010 

67 

10. 010 

66 

10.009 

65 

10.009 

64 

10.009 

63 

10.009 

62 

10.009 

61 

10.010 

60 

10.010 

59 

10.010 

58 

muio 

57 

lOi  010 

M 

10.010 

S5 

10.010 

64 

ULOU 

« 

laoio 

lOlOlO 

n 

laoio 

M 

10.010 

M 

10.010 

4B 

10.010 

47 

10. 010 

46 

10  010 

45 

10.010 

44 

10.010 

43 

10. 010 

42 

10.010 

41 

10.010 

40 

10.010 

39 

19.  010 

38 

10.010 

37 

,  10.010 

u 

^  3 

to  o 


B 
-4 


Inches. 
10.011 
10.011 
10.011 
10.  01 1 
10.011 
10.011 

10.  oil 

10.  012 
10.  012 
10.  012 
10.  012 
10.  012 
10.012 
10.012 
10.013 
10.012 
10L013 
lQi.019 
lOlOlS 
10.  OU 
10.012 

laois 

10.012 

10.012 
10.012 

10.012 
10.  012 
10.013 
10.013 
10.  012 
1(».  012 
10.012 
10.012 
10.  012 
10.  012 
10.012 


« 

.5 -a 
•s  a 

1.1. 

.  Inches. 
10.  010 
10.010 
10.011 
IU.0I1 
10.011 
10.011 
10.011 
10.011 
10.011 
10.012 
10.012 
10.012 

;  10.012 

10.012 
\  I0LO12 
I  10.012 
.  IO1OI3 
!  10  013 

lQkOl2 
I  10.012 

iaot3 

<  10. 013 
10.014 
]  10.013 

'  10.018 
10. 013 
10.013 
10.013 
10.012 
10.012 
10  013 
10.013 
10.013 
10.013 
10.  (iKi 

10.  uia 


u 

rz  B 


a 
< 


Inches - 
10.  All 
10  012 
10. 01 1 
10.  <tll 
10.011 
10.011 
10.  oil 
10.  012 
10.  012 
10.  012 
10.  012 
10.  012 
10.  012 
10. 013 
10. 018 
10. 018 
10.012 
10.018 
10.018 
10.013 
MOIS 
M.0I3 
101014 
10.018 
10.014 
10. 014 
10.014 
10.014 
10.  VH 
10.014 
10.  014 
10.013 
10.  013 
10  013 
10.  01:! 
lu.ulj 


s 

g 

E 


.9 


3C 
35 
34 
33 
32 
31 
30 
29 
2« 
27 
21} 
25 
24 
23 
22 
21 
20 
1» 
18 
17 
16 
16 
14 
13 
12 
11 
10 
0 
8 
7 
6 
5 
4 
3 
2 

1 


a 

®i 

K  s 

s 


Inches. 
10.  010 
10.  010 
lU.  010 
10.010 
10.  010 
10.  010 
10.010 
10.  010 
10.010 
10.010 
10.010 
10.  010 

laoio 

10.010 
10.010 
10.010 

laoio 
10.011 
10.  oil 
10.011 
ML  oil 
10.011 
10.012 
10.012 
10.011 
10.  012 
10.011 
10.  Oil 
10.  012 
10.012 
10.012 
10.012 
10.  012 
10.  012 
1(1.  rl  i 
lU.  Mlb 


.5-5 

^1 


ft 


I 


Inches. 
10.  013 
10.013 
10.013 
10.  013 
10.013 
10.013 
in.Ul3 
10.013 
10.  013 
10.  013 
10.  013 
10.  013 
10;  012 
IflLOlS 
10.018 
10.018 
10.018 
10.018 
10.014 
10.014 
10. 014 
10.014 
10.014 
10. 014 
10.014 
10.  015 
10.015 
lO.OL-i 
10.015 
10.014 
10.015 
10.015 

lo.o.r. 

10.  OIU 
10,  Ol- 
io. 017 


PI 

P 
< 

Inches. 
10.013 
10.013 
10.  U13 
10.  013 
10.013 
10.013 
10.013 
10.013 
10.  013 
10.013 
10.018 
10.018  . 
Ifr0l8  I 
10.014  I 
ltt.«14  ; 
10.014  I 
10.014 
li<.ei6 
in.  016 
1«.  016 
10.018 
1*'.016 
li'.OIS 
10.  014 

015 

10.015 
10.016 
10.015 
10.015 
10.015 
10.016 
10.  OIC 

\\'.  <m 

l  u.  016 
10.010 
lU.  017 


I 

.CI 

II 

s  « 

9 


Inches. 
10.  014 
10.014 
10.  014 
10.014 
10.014 
10.014 
10.  014 
10.014 
10.  014 
10. 014 
10.014 
10.VI4 
101016 
10.014 
m«14 
10.014 

logins 

10.016 
10.016 
10.016 
10.016 

iaoi6 

10.016 
10.016 

10.  015 
10.015 
10. 016 
10.010 
10.  016 
10.016 
10.  018 
10.  Ol- 
io. 017 
10.017 
10.  017 
10.018 


GONTnnJATION  OF  TRIALS  EEPOETED  AUGUST  18,  1883. 

This  trial  was  ordered  in  a  letter  from  the  Chief  of  Ordnance  dated 

December  22,  1883. 
The  prmdpal  dimensions  of  the  mortars  are  as  foUows : 


KotCor  ITo.  1.  I  lf«rUr  Vo.  3.  \ 


Lenirtb  of  bore,  total  \ 

L.eu>rth  of  rlfllnK  | 

DlamettTofliore  I 
Nnmbpr  of  lands ........  I 

Nmnlier  of  proovos   80  40  i 

Width  of  laniln  I  0.35O  <V(il5 

Wiilth  of  ijroovce ...... .1  0.690  (i  ti:{r>4  1 

D^pth  of  groov«»  j  0.075  0.040  ' 

  _  _   I   _i 

TwiBT:  Mortar  'So.  1,  from  1  tnrn  in  100  calib«r!i  at  br«vcb  to  1  in  35  calibera  1  inch 
Mortar  Ifo.  a;  firom  1  tain  In  46  calUwn  at  broeob  to  1  In  26  oalibora  1  inob  tsum  musnle. 


Inehet, 

Itu'hes. 

90 

m 

72.5 

72.5 

10 

lu 

30 

4t) 

80 

40 

0.35O 

0.600 

(1,  iv.'.M 

0.076 

0.  040 
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nnriniT  the  trielH  reported  in  August,  1883,  three  kinds  of  projectiles, 
donoiiiinatt'd  snbot  A  (P>utl('r).  sabot  B  (ribbed  to  fit  ^jrooves),  sabot  O 
(Diird),  were  tired  witli  lull  and  nnbutoil  charjjfe8  of  E.  V,  M.  po\v<ler, 
which  ha»  a  K)>eci)(ic  gravity  of  l.ldii  and  72  grains  to  the  pouiui.  None 
of  tbeso  projectiles  j^ave  satisfiiotory  reHolts  when  IS-pound  obar^es 
were  utml  ;  it  wi.H  therefore  roeomiueuded  that  iK>wder  havin;^  a  spe- 
cific ^rravitv  of  shouM  be  obtninnl  for  f'lirtlii  r  (»x]>orinic'nt  in  firing 
rcdmcd  cliai ;,a'.s.  Tiie  sal)ot  f  {Hiijcciilc  (lid  not  j^ive  HatiBfa^t-ory  r** 
suits  with  oO-pouud  charges  ot  K.  \  .  M.  powder  ilnrin^  the  experiments 
referred  to,  but  when  in  September  three  rounds  (Nos.  5, 6,  and  7  of  the 
aecompaiiyingiaecord  for  nuirt^ir  No.  2)  were  fired  with  the  same  charges 
and  tlir  same  powder,  tlic  flight  of  tlie  projectiles  was  <^o(n].  The  sabot 
A  an<l  Kabut  li  projectiles  jjave  good  results  when  lired  from  mortar  No. 
I  with  30  and  33  pound  charges,  respectively.  None  of  these  were  at 
that  time  flred  from  mortar  ho,  2. 

The  instructions  of  December  22,  1883,  directed  a  contiiination  of  tiie 
trials,  "the  obji'ct  !)einj^  U)  asrerfain  wliifh  kind  of  sabor  and  wlitcli  of 
the  two  varieti<'s  of  rilling  gives  greatest  accuracy  of  lire  both  with  full 
and  reduced  charges." 

The  i)rojeotlle6  furnished  were  of  three  kinds:  (1)  Sabot  A  (Batler), 
(2)  sabot  0  (Dard),  (3)  Arrick. 

The  sabots  of  the  first  were  of  tlio  ordinary  Butler  pattern,  with  the 
groove  mnde  d(  rja^r  and  the  lip  made  thinner. 

The  sabots  ot  the  second  had  the  same  cross-section  as  thai  of  the 
Dard  pioit  ctile,  illustrated  in  Constrnctioo  Notet4  I^o.  8. 

Tli<-  sabots  of  the  third  were  of  the  ordiuary  Arrick  iiatteni,  made  a 
litth'  l!<ilit(T 

Tlic  rollowiii;^  kinds  ot'  jiosvdr-i  \vcj<*  on  bancl.  ri?  :  K.  V..  M.,  granu- 
liitioii,  7-1;  spt'tiiic  t»iavit3,  1.75.  E.  V.  K.,  gr.imiialiuii,  72;  specitic 
gravity,  1.75.  The  latter  was,  when  first  received,  stronger  than  the 
Tormer. 

The  followinp"  ])onders  were  sent  lor  ns**  in  thcsf  trials:  K.  I.,  tivin- 
ulation,  72;  specitic  gravity,  l.<>5.  K.  K.,  granulation,  72;  spcciliu 
gravity,  l.GO. 

To  assimilate  the  firing  from  these  pieces  to  firing  with  chambered 
mortars,  it  wae  necessary  that  the  base  of  the  projectile  shodld  remain 
at  a  fixe<l  distatn'e  from  tin-  bottom  of  the  \nm\  and  for  this  j)nr]>os(» 
there  was  plaml  in  the  axis  ol  llie  cartrid^ie  a  pine  stick,  1  scpiare  incli 
in  cross  section,  and  of  such  len;;th  that  the  densit.v  of  loading  with  a 
charge  of  30  ponnds  was  33.4  cubic  inches  to  the  fiound. 

The  trial  of  mortar  No.  2  commenoA'd  December  28,  1881^.  A  sabot 
A  (Bntler)  ))rojectile  was  lired  wit  It  1.">  pounds  K.  !,  powder  {1.0.3  spe- 
citic gravity),  and  {jave  <»vidence  of  irregidar  tii^hc  as  it  enti'red  the 
butt  sidewise.  A  15  pound  charge  of  K.  K.  powder  (I  GO  specific  grav- 
ity) with  a  similar  projectile.gave  the  eame  result. 

The  third  round  (round  No.  10  of  the  accompanying  record)  consisted 
of  15  pounds  of  K.  K.  powder  and  an  Arrirk  projectile.  This  shot,  re- 
covered after  firing,  was  found  to  have  taken  the  grooves  well,  as  further 
more  it  had  moved  with  676  feet  velocity,  and  as  the  pressnre  was  but 
11,250  potinds  per  sqnare  inch,  it  was  concluded  to  fire  a  series  of  ronnds 
with  a  similar  charge  and  projectile  under  G(P  elevaticm. 

Foitr  rounds  (11,  12.  13,  and  11  of  the  record)  wore  fired;  all  of  the 
flights  were  good.  The  first  of  this  series  of  tVuir  was  tired  down  the 
beach,  but  the  point  of  fall  could  not  be  ascertained.  The  remainder 
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were  fired  over  the  sea^  and  the  plane  tables  were  ased  to  locate  the 
point  strack. 


Powder. 


KJd<L     ,  Weight. 


Pn||«ofefla. 


Kind. 


Weijjht. 


Error  to  DertotloB  Brror  in  p«*r 
range.  •  riftht.   ,d0vistUia  nquar* 

iucb. 


K.  K 
K  K. 


Pound  t. 
16 
15 
IS 

IS 


I  Arrlrk. 

••••do  •• 


Poun(U.  Yard9.  Tard$.  i   Tardt.  Tarda. 

»48  3.3ri  -i-  44          34«  -15 

347     '  8.42«  fH8          371S  +  8 

•48    I  i,9fff  I     -lil  j      MS  ,  <f.S 


«,a7s 


Pounda. 
11.750 

io,r 


10 


tl.000 


DUpersiuu,  iu  iMitxe,  330  janis ;  iA  direction,  21  jarda. 

In  the  abore  table  the  dtspersion  in  xaw^g  is  the  ditlereiice  betweeu 
till'  maximum  and  iTiiiiiiniiTii  ratip's.  niid  tiie  dis|)i  rsion  in  dlrecttOD  18 
tlie  ditterence  h<?t\veeu  the  maxitmiin  ;nid  iiiiiiitriiiiii  deviations. 

Three  rounds  were  then  tired  under  00^  elevation  with  the  sabot  C 
(Dard)  projectile  and  15-poaQd  charges  of  K.  K.  powder. 


Bowder.  I 


Kind.     I  Weight, 


K.K 

X.K. 

K.K. 


IS 
IS 

.ts 


I 


IS 


Kind. 


I 

flabotC(Dwd.). 
da .......... 

...do  ' 


I- 


Weij^ht. 

Rufos. 

1 

Jdrorin  DevtHUoo  Error  to 
mgo.  !  xiglik  jdoTlathiD. 

I'lvHAuro 
per 
Mqtiare 

PtoltlMik 
SIS 
840 
8(0 



Twit. 
Si  MS 
S»454 
8.427 

7«ni».  Titrit, 
-  117  887 
+  72  SM 
+  4$  i  800 

ITonli. 

±{5. 

-  8 

11,000 
1S.0M 
11,000 

849 

8,881 

78  1  877 

88 

11,800 

OUp^r^ion.  in  range,  189  yardii ;  in  dlraellOD,  93  y&rA*. 

The  tirst  was  sliiilifly  irn'sriilar,  the  second  fair,  tlie  tliinl  ^ood, 

A  sabot  A  (Butler)  8hot  was  then  iiied  with  the  same  charge  and  ele< 
Tatioii,  but  the  flight  was  very  irrefjular. 

In  Ordnance  Board  Beiiort  Nu.  1 1, it  was  concluded  that  it  waH 
impracticable  to  fire  s  ilH>t  A  projectiles  with  15  pound  ehar{;:es  of  molded 
powdeis  }iavinir  n  -^i  rrifie  gravity  ;Lrrent('r  than  1.7,  and  from  the  tiring 
last  relen  ed  to  ir  sums  that  no  belter  results  are  obtained  with  powder 
ot  1.0  speeitic  gravity. 

The  next  point  to  be  determined  was  whether  any  of  the  stibots  which 
were  snitable  for  use  with  15-ponod  charges  would  give  good  results 
greater  charges. 

Tlirec  rounds  (Nos.  19,  20,  and  21  of  tlu*  record)  were  hied  willi  ;J0- 
pound  charges  of  E.  V.  M.  powder  and  Airiek  projectiles  j  one  good 
flight  and  two  bad  oires  were  obtained. 

E.  V.  K.  powder,  a  little  stronger  than  E.  V,  M.,  gave  no  better  re- 
sults. It  was  then  determined  to  use  the  stronger  ]>o\v<b»rs,  K.  1.  and 
K.  K..  and  25  pound  eharges  of  the  latter  seemed  suitahie  for  use  with 
the  Arrick  prqje<ttile.  As  the  projectile  occupied  liie  .same  position  in 
the  bore  daring  all  of  tbe  flring,  the  air  space,  or  density  of  loading,  was 
with  26<ponDd  chargen  40.1  cubic  inches  per  pound. 

Two  rounds  (27  and  28  of  the  record)  iitider  arijrle  of  28^  3C'  gave 
one  fail'  and  one  good  flight  with  a  mean  juessure  of  20,500  pounds  per 
8ijuare  inch.  One  rangti  only  (5,035  yards*  with  a  deviation  of  341)  yards 
to  tbe  right)  was  obtained,  and  as  it  was  necessary  to  retain  some  of 
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these  projectiles  to  fire  theui  from  mortar  No.  1,  this  euded  the  firing  of 
Arrick  projeetiles  from  mortar  No.  2. 

Three  sabot  CJDard)  projectiles  were  t!ien  fired  nuder  28^  SO' With 
30  iKHiiidfi  of  £.  V.  K,  powder  with  the  following  resaits : 


Piq|«edli0. 

£rrt>r  m 

Deviittlou 

1 

Error  In  i 
tin. 

i 

PrcBMure 
per 

JOai. 

Kind. 

Weigbt. 

1 

square 
iooh. 

X,T.K  

X.T.K  

80 
SO 

8AlNitC<Oard>| 

Fowtdi. 
849 
S40 

lord*. 

i  Tmrdt. 
—  AS 

Tarti*. 
171 
118 

¥mrd*.  , 
-  15, 

P 

11^800 

JtT.K  

80 

W.  P  F.,  MbOt ' 

C(IJm4>....; 

«so 

s^Tsa 

171 

-w' 

18,180 

1 

 1  «• 

9 

i  n 

p 

11^888 

Dicpenloii:  la  range,  164  3rftrdft;  tai  dlxwllon.  46  yartlt. 

The  density  of  londinff  was  33.4  cubic  inches  to  tlio  ]>on!id  of  powder, 
and  the  pressure  was  lower  than  that  given  in  the  two  precedinjr  charges 
with  a  density  of  40.1  cubic  inches  to  the  i)ound,  but  the  powder  was 
of  1.760  specific  gravity,  while  that  ased  in  the  preceding  charges  bad 
a  specific  gravity  of  1.00.    The  fiights  of  the  projectiU  s  wen?  all  fair. 

From  the  results  ohtuiiipd  wlicn  Hriiic:  mortar  No.  2  it  was  concluded: 
That  the  present  foiiii  of  sabot  on  sabi>t  A  (liiitler)  projectiles  was  not 
suited  for  firing  from  this  mortar  with  reduced  charges ;  that  good  re- 
Biilta  conld  be  obtained  wbeu  firing  redaced  charges  of  K.  K.  powder 
(1.6  specific  gravity)  with  habot  C  (Dard)  projectiles  or  with  Arrick  pro- 
jeetil*'-^ :  that  g:ood  rcsnlts  could  not  be  obtainerl  in  firiiij^  reduced  charges 
ot  powdtr  baviog  72  grains  to  the  pound,  and  a  density  exceeding  1.6 
with  any  of  the  projectiles  thus  far  nsed. 

From  the  firing  with  charges  exceeding  15  pounds  in  mortar  No.  2  it 
was  concluded :  That  the  Arrick  projectile  does  not  f^ive  ^ood  results 
when  fired  with  30  pounds  of  E.  V.  ))owder  (specific  a vit.v  1  7r»* ;  that 
this  projectile  jjave  indications  that  with  25  pounds  of  iLK.  powder 
(sp(icitic  j^iavit y  l.UU)  fair  resalts  may  be  obtained,  hot  tbat  fhrtber  ex- 
periment will  be  required  to  determine  this  point;  that  the  sabot  C 
(Dai (I)  projectile  gives  good  resnlts  with  dO-poand  charges  of  the  E.  Y. 
powders. 

The  trial  of  mortar  No.  I  commeuced  January  6, 1664,  by  firing  three 
rounds  with  the  Arrick  i)rojectiIe6  and  15  poundii  of  £.  K.  powder  under 
60O  elevation  (ronnds  29, 30,  and  31  of  accompanying  record  of  mortar 
No.  1). 


Kind. 


Weight. 


Xiad.       !  Weight. 


PoundH. 
18 
18 


18 


Axriek. 
...do.. 


8M 
818 


RangfMi. 


lartU. 
8,880 
8^418 


Error  in  btjvmtioD 
i  light. 


8.811  ( 


I 


114 


TardM. 
270 
841 


811 


Krror  io 
devU- 


81 


PrnMure 

per 
ii<]iiard 
inch. 


Pmtndt. 
,  12^280 
'  12;888 

Il»878 


The  point  of  fall  of  the  third  shot  was  not  located.  The  fiights  were 
all  good. 
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With  a  30  pouDd  charge  of  E.  V.K.  powder  aud  au  Arrick  projectile, 
fired  nnder  28°  36',  the  shot  tumbled,  altboogrh  the  aabot  bad  btseo 

reamed  out  to  mi^e  it  more  sensitive. 

Two  rouiKls  were  then  firrd  witii  25  potinds  K.  K.  powder  (specific 
gravity  l.GO)  aud  the  Arrick  projectile  uuder  3t)'  (rouuds  33  aud  34 
of  record). 


Powdar. 

K.K  

S.K  

Povndt 

25 

•  PlMflldls.  , 
....do  .1  94H 

16 

Error  In 
raage. 


I 


l>«iviatiou 
right. 


Error  in 
devia- 


Yards.  \  Xarda. 

 !  SU 

 I  834 


K9n 


I 


m 


rrenHtire 

s<loare 
inch. 


Yarda.  I  Pound*. 

 \  m^son 


19 


91^  OM 


The  tli^hts  wi^vo  <]rood. 

It  was  coiicJinlcd  ti  om  the  flriiif?  of  mortar  i^o.  1:  That  with  15-pouTid 
charges  of  powder  haviug  l.C  specific  gravity  the  Anick  projectile  gives 
good  resnlte,  and  that  with  25'poiind  charges  of  tha  aame  powder  tbe 
saiiic!  remarks  apply. 

Tiio  nnnibt'i-  of  rounds  fired  was  \w\  sufficient  to  determine  tbe  rela- 
tiv<*  iricrits  of  (lie  two  kinds  of  rilling. 

Il  is  recomuieudc'd  that  the  exi)erimeut  be  continued  tusculc  this 
point)  and  for  this  purpose  that  2i5  each  of  the  Arrick  and  I>ard  pro- 
jectiles be  suppli<'d.  It  IH  suggested  that  the  base  of  the  sabot  of  the 
Arrick  projcrtilc-  be  made  thimior  tli.ui  in  tlie  projectiles  heretofore  fur* 
nished  to  make  the  expanding  disc  more  sensitive. 

T.  G.  BAYLOli. 
CoUmel  of  Orinmieen  Frmdmt  of  the  Board. 

GEO.  W.  McKEE, 

Ma')or  of  Orfinance, 
OHAIILKS  SHALEK, 
Captain  o/  Ordnance, 
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Xeeard  nfJMug  vUk  I04n«k  fifed  worftr  Ko,  9,  a<  Sandg  Btokf 

[CoQTttrtod  from  a  lO-indi 

1 


Baromflter,  30.006 ; 
thirinometer,  71 ;  < 


Barnmct^r,   29.892 ; 
thermometer,  28 ;  < 
bDmidlty.  48. 


9 


0 

.a 

I 


Xtaid. 


Barometer,  30.293; 
tliermometer,  30  ;< 


BarooMter,  29.872; 
th«nnoiii«ter,26.1;  < 


1883. 

Sent.  21 ,  Du  Pont  n  hex- 
agonal, K.  V. 
M.  Density 
1.750;  tn^u- 


'I 

Lbt. 

,  80  ! 


0  Septn 
7  8ept.21 


M 


0 


8  ;  D«a  as  i  Du  Pont'8  K. 

I.  Denaity, 
1.650 ;  fn^na- 
lation,  72. 
Da  Poot'a  K. 
K.  Density, 
1.000;  ftami- 

lAtiOII,ll 

...•do .,.«.... 


Dec  28 


10 
11 

12 


Dea  38 
De&  as 

D««.  » 


16 

15 

15 
16 


13  IDm^  » 


H 

15 


De«.  » 

Deo.  29 
16  I  Dee.  28 

17 

18  Deo.  » 


.do. 
.do" 
.do 


i 

I  15 


Butler 
bobadf  eoboi 

....do  .......a. 


Arriok(iiew)  ■ 


»-  2 

© 

Weight 

1 

J 

/- 

C 
P< 

Lb: 

m 

O  ' 

e  15 

Lh: 
17,500 

349 

e  15 

18^800 

848 

90 

17.  MO 

■51  i 


.do., 
do.. 

.do .. 


1 


•  ■  « W •*•«««••■ 

I « •■■oo»**. 


19 

ao 
ai 

22 
23 


Jan.  3  DuPont'fihex- 
aeonal,  B.  V. 
M.  Den««Uy. 
1.750;  ffranu- 
latiou,  72. 
 do  


Jan. 
Jan. 


Jen.  S 


Jan.  3 


.do 


15  I  SabotC.(DaBd.) 


15 
15 


.do 
.do 


ISjBntler 

boted:  Mbo8 


DuPonfnE.V. 
K.  I)eu»lty, 
l.T.'iO;  i;ranu- 
latioo,  72. 

 diO  .  .*  


80 

30 
80 

30 

ao 


Afrtek  (Mv) 


.do 
.do 


BttflerMbolA 
AnUkcnow) 


Bod.  \ 

man.  i 


888 


849  — i 
848  j  80 

848 
847 
848 
848 


8^750  I  620 


8^800  ;  845 


I 


I  11.250  8781 


80 
80 


848  I  80 
8481  80 
850  80 


8.000 

11.908 
18^788 
10^600 
;  11.088 
f  18^808 
[11.880 
I  1S,M0 


848.88  88  18^880 

340    as  88  j  10^880 

346    28  86  ^  10,000 


\ 


352 


349  I  as  88 


181,800 

ao.600 
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2f.  J.,  from  ScpUmhtir  21,  18:^:1,  to  January  4,  lti84. 
Itoflmui  atuuolh-bore  gun.] 


I 


id.  atVMgth  '  1 
LolTHrtiaB.  g 

I 

a 


4.M  1 


3.  to 
X71 


left,  t«i"  ;  4  DiUol* 


I 


§ 


I 


1,M7 


I 


Pardt. 
« tight. 


Sporial  1 .  I 
ett'cvt  uii 


iIns  uliiiiit  I'lu  li  fire  '<in  l«  !n 
ipcp,  »«umi  of  proji'ttile  in 
'  igOf  f)r«KBMIIIlB,«tO^«ltt. 


do     1.U09      10  right. 


Ku  ril   t'fuQt  and 
Mu  hour. 


From  roar 


I  F5r»«d  down  bi»ach. 
I  FUghticooiL 

I 

Fircid  oat  to  Hon. 
Vtigbt  lEOod. ' 


l4  in<'li>'-i  fidiii  bfiHO 
i>f  sliul  Ui  boltoLB 
of  bore.  Shot 
nfi^tt^J  aifalnat  car- 

air  Apace. 


XTS  • — da , 


Flndfaito 


Do. 


butt.  Kayluilftd. 


#i40  '  From    roar  aud 
miles  an  iMntr. 


.01 


I  I 


Firt'd  iDtoaaiid  Wiitt.    Shot  rt>coveredMld 

fouud  lo  bave  taken  ritline  wolL 
Ffre4d»wnbMch.  OoodfliKlit. 


<5  4*^ 

.48 

37i 

3.  322 

0.  til 

...  do   

.01 

37J 

:i,  426 

0.  S8 

.46  i 

■ 

Sfi 

3,  0«7 

0.  33 

.36  ' 

30i 

3.  205 

e.«2 

.01 

1 

35} 

3.  454 

1'  —  do 

;  -^2 

301 

3.  427 

I  .42 

S5| 

a,  842 

1.58  i 

I 

1.50  |. 
S.4f 


From   front  aud 
aulM« 


...do 
...do, 


.4* 

.do, 


1 

Z75  !   2«|  J  i,m 


0 
0 


23^ 


34H  riijht  . .  Find  out  Uj  aea.  Qood  tli^Lt. 
372  riKlit..  Do. 
3C9  riKlit.  Do. 

327  ri^bt  Fired  nut  to  ««a.  Sli|:blly  irrr^ulU' 

235  riKbt. .  Fin^l  out  fo  nf-n.  1  air  flight. 

2C9  right..  Firwl  out  to  ^ea.  Good  fliyht. 

156  tigbt. .  j  JTired  oa(  to  m*.  Very  irregoiMT  flight 

I 

.  KoniidM>ito18,  in<-liiiilT9:  Danslty  of  lood- 

I     \u^.  6<i.H  cubi«'  iiich<*fl  to  thn  pound. 
121  tight.  J  Fin*d  out  to  m-a.    (rood  ilicbt.    Two  of 
,     tliu  Hcitnva  i'.iHteniii);  nnu.zic^band  be- 
cam*'  1(M)M«'. 
Bcforo  UrinK  roiind  No.  20  friction  r^ooU- 

c)i«-t:k  })Ut  on  carriat:e. 
FirrtI  ont  to  aco.    Very  irrt^pular.  Tnm* 
bbd. 

Fired  uat  to  MO.  Vei?  Inogolor.  Moo- 
zi< -Itoiid  partlanjrbrokenapbyahookiif 

>  firlDc. 

I  Fired  Uito  Hand  butt.  JCqrbokHl. 
'    ai«s»ie-b»ii4  bfoko  up  Md  fell  oC 


256    lleft  . 
4»4B6  ]  Wright 


4i»l   n  tight. 


Flrrd  oat  to  mo.  V«ry  Irrt^cular.  No 
bond  u»ed  oo  moz/h^ ;  »!nn  hold  in  posl- 
tioD  by  blooklog.  i'rcpondvninc«>  over- 
OOBM  Dy  ooillnK  dMib  luouiid  mowlo 
during  ren^^iador  of  fliiag. 
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llscoid  of  Jirintj  with  \0-inok  rifled  mat- tar  Xo.  3,  at  Sandy  Mooi^ 


!| 

*-< 

'  e 
u 

i 


Time. 


94 


S5 


1883. 
Jan.  4 


Bftrometer,  30.2n'> ; 
tbenDOBteter,  19 


I  -a 


Dii  Pout's  K.  20 
K.  iH'iisity, 

).(>0l);  ^tiinU. 

Utioa,  Ti. 


Jao.  4  Du  Pont'H  K. 

L  Denaity, 
;    1.650;  cranu- 
j    latinn,  72. 
27  JTaa.   4  Dii  }'(>iit  H  K. 

!    K.  Oi-asity, 
I   1,000 ;  ^raDn- 
I  I   lation.  72. 

4  I  do  


28  I  Jan. 

!      I  ^ 
I  29  I  Jan. 


30 
31 


I  Jan. 
Jan. 


DiiI'oiitHK.V. 
K.  Dcrwiifcy, 
l-'-'xt;  -ranu- 
Utioa,  72. 


2S 

35 

25 

25 
30 

30 
80 


.40 


Lbs. 


•I 


Artlek. 


S47 


854 


M7 


M7 


C.  (DanL) 


350 


d 
o 

ol 


I 


_.  a^ 

m  o 

II 


1% 


hi 


FeeL 


M.60t 

17,000 


28  36 


11,000 

1%M0 

19,250 


•17 


Note  by  Ordn axck  Own 
ued  in  the  oartridgea. 


•intb«h««s««ptfon  of  ronafr  8,  <^  tad  7  o  olUk  U|  tnohM  Ib  tootf  ib  wao 
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1  Wind :  Btren^rth  I 
*    and  dtniotiou.  i 


r  recoil. 

.2 

i 

1 

t 

u 

Time  ol 

i    •  V 
3    '  « 

M    1  Q 

0 

Special  reoiarkii  aUout.  nach  fire,  «iiob  a« 
effect  on  piece,  Hoiind  of  projectile  in 
Hight,  MAttatiag  of  ftigiiMatoi  •to.,  eto. 


±99  ...do, 


t.90 


do 


I 

LIS   I  olob  '  aoi 


I 


Lll 
LOT 

ht 
LM 


.do 

.do. 


1  0.08 

O.0S  ^ 

I 

.  I  0.  08  ' 

J  0. 08  i 
1  I 


aoi 

Ml 




SM  light.. 

i<'im1  into  anud  hut*.    Broke  plate  aap- 
p'TtinRriRlii  handfcnldohook.  Cnokod 

elevating  prop. 

Fired  Into  sand  butt.    P.rok«'  ols^vntinj? 
pi-op,     Si»iii«  replac  <1  I  v  ii  ii<  w  mi.-. 
Shoi  recovered  and  fouu«l  i"  iiavi-  tiikeii 
amoves  well. 
Yitvd  into  oood  bolt.   Broke  elevauD|( 
■  by  I 


t,m  m  figbt. 
a^m  I  m  light. 


Fired  out  to  aea.  Good  fliuht. 
Flzodontioo^  JTair flight. 

Do. 


RoandH  10  20  '1  22  23,  29. 30. 31 :  Donllir  of  iMdiii^,  33.4  cubic  Inchea  per  pound  of  powdw. 

Koood  24 DeuHitN  of  loading,  50.1  Mblo  InobOo  p«r  pound  of  powdor.   

ik,  mTsS.  &  i  DMwilir  «f  MbiR.  «>^l  mUo  Inehoo  por  pond  of  poirdor. 
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Baromotor,  30.168; 
thrniKirantcr,  12; 
bnmuiity,  80. 


Steori  t^f  firing  «Pitk  lO-M  r^M  v^rfffr  .V«. 

[GoBV«iled  from  a  lO-fnrh 


I 

s 
55 


20 

30 
31 

32 


Tiioe. 


JCiiid. 


1  i 
i  £ 


I 


"3 


1884.    !  I>bt. 
Jaa.  5   Du  Pont  B  K.  R.  ;  15 
I    Deiisitv,  1.000:  ' 
granulatioD,  T'. 
Jan.  5    do  


•J  .- 


1^ 


;  Q 


I 


AntokdMir)...!  «•  0  '  « 


Jan.   5   do  ...... . 

Jan,  5   DuPonfHli.  V.Ii. 
I    I>en»tty.  l.T.'iO; 
untinilation,  72. 
I>fi  I'rM  a  K.  K. 
l)vui-uy.  I. COO: 
p-an  Illation,  72. 
do  • *»*«*| 


3S  ,  Jm.  6 


15 

15 

25 


do 


346  0  00 


AUH  k  i.  ldlot)  3-16 


Arrick  (new)  —  347 
.do   «• 


34  I  Jan. 


I 


3u  ■  Arrkk  (oUlloi) 
1 


00 

98  M 


13»6aO 

15^500  ' 


1 


346   4          36  29,500 


Ronnda  20,30.31.    Dcn.'-itv  nnoadinp.  GO.K  cubic  iQcIit<«  |>er  poaud  of  powAf' 
Boond  82.   Density  of  UmUng.  83.4  oabio  inches  Mr  pound  of  nowder. 
Bonnd  Si,  U.  Dniiity  of  tauUnff,  40.1  oablo  Ineboi  por  poaiHMdrpoWor. 
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I 


a 


Wind.  Rtreoffth,  | 
and  dlr«ctiaa.  « 

0 


J      Krom   rear  and    0,  aS 
loft      lOo,    16  I 
tiiiles  no  boar.  I 
  (kitt 

..do  ..  Qk35 


a 


Yd*. 


e 

"3 

l_ 


8]M>ciaI  rcuarkii  about  eikch  Are,  such  as 
i<fi>*ot  oo  piece,  sound  of  projootile  in 
tUghd  «oaCC«iiiiK  of  tngamUt  •*«>« 


86|  27i»ri{cbt. 


1.M 


4 

r. 


fGoodfllgbt.  Chain  OMd  on  Bozzle 
GoOdfllRllt 


1.M  , 


.do 

do 


|.,..do 


.  0.OB 

.  ao8 


Goodttiuht.  CbaMbnflslilitkwiid 
_      «lde  cracked. 
»|  I   l.aM>    2e7rig1lt..U->^  ,  Tumbled.    (Bm»  «r  Mbot  SMBWl 

<"  =       out ) 

Good  fUigfot.  Mortar  Jumpod  out  of 
b«MiDga  and  toraed  eoosBtrioxfaiK. 

Good  flight.   Mortar  inmped  ont  of 
boartn^  and  turaea  eov«atrio  ring. 
<Bm6  «f  «Vol  taaoMd  eok.) 
• 


H  6,S77  !  918 right.. j 
17  I  4^007  I  8Mtlgbt..| 


I 


6191  OBD  18 
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OONTDrVATION  OV  TBIAL8  BBPORTED  AuaiTBT  1&  1883,  AND  JANU- 
ARY 28,  1884. 

The  experiments  initiated  in  August,  1883,  were  eontinuod  durinif 
Deceiubor,  1883,  and  Janiinrv,  1884,  and  re^snnKMl  in  "Mnrch,  1884. 

Tliti  preceding  trials  had  iudieated  that  fair  results  coukl  be  obtained 
with  the  Arrick  and  Dard  projectiles,  but  it  was  necessary  to  modify 
them  slightly  and  to  fire  a  greater  nnmber  to  asoertain  wbioh  of  tlio  two 
kinds  of  rifling  was  the  better. 

The  projectiles  used  in  the  last  series  of  firing  were  of  two  kinds,  viz, 
the  Arrick,  with  a  comparatively  thin  sabot,  and  the  Dard,  with  a  sabot 
lighter  than  any  previously  used.  In  addition  to  the  Arrick  sabots 
affixed  to  tbe  projeotileB  were  five  made  still  lighter,  to  be  used  in  ease 
of  necessity. 

The  powders  were  of  three  kinds:  E.  V.  K.,  density,  1.75,  granulation, 
72;  K.  K.,  density,  L65,  granulation,  72;  K.  I.,  density,  1.60,  grauula- 
iion,  72. 

The  tTial  of  mortar  No.  1  was  commenced  by  firing  an  Arrick  prqfeet* 

lie  with  its  sabol  in  place  as  furnished  by  the  West  Point  Foundry  Asso- 
<:iiU!o!i,  followed  by  one  to  which  a  li^jhter  sabol  was  appended.  These 
rounds  (Nos.  35  and  3G  of  the  liriug  i-ecoi-d )  showeil  that  there  was  no 
appreciable  ditt'erence  in  the  results  obtained,  and  in  all  of  the  Httbee* 
quent  firing  with  Arrick  projeotiles  the  heavier  eabot  was  used. 

Tlie  Arrick  and  Dard  projectiles  were  tlien  fired  ntnler  28°  36',  with 
thiity  i>onud 'charges  of  E.  V.  K.  powder,  live  roinids  of  each  being 
£red  alternately.   The  results  are  given  in  the  foliowiug  tables: 

Tablk  No.  1. — Mort/tr  No.  I. 

I  Arrick  projectile:  weight,  344  poaiid».  Angle  of  elevatioo,  2t^>  86'.  liiitlal 

Telocity,  «99  feet.) 


O 

11 

e 

ll 
IS 

Haton  of  flight. 

« 

1 

Error. 

! 

1 

Deviation, 
left. 

Error. 

e 

E5 
^ 

H 

Is 

Tard*. 

Tarda. 

Tdt. 

Tnrdi. 

Poundt. 

37 

1 

Good  

7.317 

+  8» 

7.» 

5.2 

ao 

22,000 

39 

2 

 do   

7.23^ 

-f  3 

46 

18.8 

■jy.  7.') 

26.000 

41 

3 

Fair  

7,205 

—  24 

79 

14.2 

•M.  75 

24,  000 

4;i 

7, 189 

—  40 

50 

14  H 

2!t 

5 

7.202 

—  27 

79 

14.2 

7,229 

1 

30.4 

64.8 

13.4 

28.2 

23,550 

Charge:  Mp<MtBd«B.T.  K.;  ftranulation,  72;  density,  IM, 
DlapMndoo:  la  dlieetioii,  33  yardM;  in  range,  128  yanla. 

Taulk  >io.  2. — Morlar  1. 
[Dard  prqjeotil*  l  Wtighi,  884  pOQildt.  Angfo  «f  €3«v»0eii,  S8»  tfli'.t 


w 

e 

ft 

i 

|s 
|e 

i ' 

'A 

38 

1 

40 

2 

42 

3 

44 

4 

46 

5 

a 

o 

o  o 

e 

• 

g-s 

Natai«  ofiUgbU 

1 

Error. 

i  left 

Error. 

eg 

e  9 

£1 

Yardt. 

Tmrit. 

Tdt. 

Tardt. 

Sees. 

PoundsJ 

Slightly  llteCQlw 

LOAt. 

30.25 

iww  . 

0,910 

-  80 

59 

—  9.25 

28. 75 

26.000 

Fair   ... 

7.046 

+  80 

64 

—  4.25 

29 

27.000 

do  

6.972 

Un 

74 

+  5^76 

29 

80,500 

Slightly  Itntgolar. 

7.049 

+  88 

T8 

;+  7.78 

28.25 

25^880 

^888 

1 

1 

Charge:  30  ponnds  E.  V.  K.;  granalation,  72;  denaitT,  1.75. 
Dlapemloii:  la  dlraotioa.  17  yirdet  lo  rMge.  138  ynrae. 
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Five  rounds  of  each  kind  of  projectiles  were  fired  under  G(P  witli  fif- 
teeU'{>ouiid  charges  of  K.  K.  powder  and  an  air  space  ol  cubic 
iniahes  to  the  ponnd.  The  rosnlts  ore  tabulated  below: 

Tablk  No.  3.— Mortar  No.  1. 


>5 


47 
49 

51 

&;> 


a  ■  f 


1 
2 

a 

4 
& 


a 


a 

o 


fc 


o  » 

c  Q 

ii 

^  9 


I 


(Joud   3,  OtiH  +95 

 do   :i.  .viS  —  33 

. .  du  I    '4,  ^3  —  'AH 


Tardt.   Yards.   Tds.  Tarth. 


I 


-do  ^  8.51CI 

,do   3,610  +  3y 

I  

Mean . 


167 


+  13 

_  6 

—  « 

  •> 

-i  - 


■Jl.  2:', 

'M.  r.0 


Pinind* 
lu,  TaO 
«,  L'.'>(1 

9,  'jr.o 


3,571 


55.2 


I 


154  •      &8     3&55  <  «,200 
'  !  I 


OluriE*:  16  pounds  K.  K.-,  Krauulatlon,  72;  dM«tty«  L6M. 
Dbpenton;  iBdirMUuo,  19;  in  nnno,  156. 

Tablk  No.  4. — Mortar  So,  1, 

IDudpnUMtUe:  weight.  SMpoonda.  Aagln  of  fixe. 


600.) 


I- 


S  * 


i  Natnf««flU«hk 


I 


§ 


48 

50 

54 


3 
4 
5 


I 


T(iri!ii. 

Good   ;!,  r.iti 

Kiiir   3,  r.47 

ViTV  iri(*j;!ihkr  ..  1!, '.>47 

Good     a,  r>si) 

 do   3,  Ui> J 


Ford*. 
+  101.4 

—  497.  tl 
*  135  4 

—  4 


.a 


c  a 


|3 


2(1 

IK) 


Yard*. 
■  +  72.  G 
,—  59.  4 

I    8a  4 

-r  44.6 
.  30.  0 


35.  i  S 
35. 5 
33 

3ti.  75 
3)1.  5 


Poundt. 
8,7db 
10,500 
11.000 
11,500 
12.000 


Mean  j  3,444.6 


»!     199.0  :  j    85. 4j 


59.1  ^   35.5<>  1  10.750 


Cbaritcr:  15  ponnds  K.  K.;  prannlAtion,  72;  tl<  iiHUT,  1.050. 
DUipnniion:  in  dlrt-ction,  161  jarda;  in  raDn»i,  <>.')(',  yardt. 

The  trial  of  mortar  No.  J  wns  carried  on  iu  the  same  way  as  that  for 
mortar  !No.  1  and  the  tables  ^iven  below  show  the  resalts. 

TAJIX.S  No.  ^—Mortar  No,  S. 


fAifl«kv»4«otO«:^SlktkM5poa]ida.  AagtoorHxa,  18»a8r.  Initial  v«]m1^,  190  foat] 


e 


34 

30 
38 
40 
42 


u  ■ 

a  S  ' 
i-  I 
11^ 


Nataivof 

4M^fL 


Gootl 
. .  do 

 do 

..do 

....do 


Mean .. 


o 

I 


YardK. 
8,820 
6,795 
6.776 
6.776 
6,847 


6.803 


£ 

m 


DeTiation. 


I 


Yardt.  I  Yd: 
+  17 
-  8 
-27 
-27 
+44 


246 


35 
11 


15 


Yd*. 


34 
34 


e 
1^ 


Yards 
3&4 
12.4 
32.6 
32.6 
16.4 


1.4,  28wl 


See*. 
29.5 
28.75 
29 

28.75 
29 


o  "3 

=  e 
I' 


Pound*. 
47,000 
23,500 
52,500 
,  27,750 
!  26.000 


29.00  |*^7M 


*M«aii  of  tluiM  i«MHa  M 


Oii^r  30  ]Hiands  E.  V.  K. :  Kninulation,  72 ;  denBi^»l.T8b 
I>t>»p«i  »kon :  In  dixvotion,  68  yard* ;  in  range,  71  jmn. 
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Tabu  No.  6.»Jf«r(ar  No.  8. 
[DM4^Mtfl*:w«lgHaM  pound*.  Aa|tl»«f  flt«,  lattlal  Tdodtr,  070  fMt.« 


35 
3 
.IS 
41 
43 


i.  c 

I* 


'7  I 


1 

:i 

4 


V«tiire  «f  fligtit 


F»i- 

Irrt.<t;iil)tr  

SliKlitlyirremilar 
 do  . 

Teiylmjnilar. . 


I 


i;.  ■i-i 

6,  83'1 
6.  406 
0,491 


a 

c 


I       .1  I 


]  in  tLs. 
+  113  . -J 

_  ran 

-  2K.8 


1  ci« 

:ii 

78 
S6 
114 


-34.6 
-lfl.6 
+  12.4 

-  ft  « 

•  -Ir.  4 


•J9.25 
28.75 
2»».60 
25 

-S.  25 


c  u 


S5 

27. 250 
2.5.  500 
26,  000 
25.  000 
26. 5«0 


48Mfl&0      M.82    28.<  i  M.06D 


Cliargo:  SO  pounds  K.  V.  K. ;  graoalntloD,  72;  denntj,  1.7A0. 
In  dlnotlon,  O  jnds;  In  tt^fp,  207  ym*. 


Tabuc  No.  J.'-Morktr  No,  2, 

(Aitick  protjectile:  trcigbl,  343  poosds.  Angle  of  flre,  60^.] 


it 


I  II  Vatum  Of  flight. 

lis! 


o 

i: 


.2a 


_  u 


01  a 


44 
46 
48 
00 

n 


1 

•> 

3 
4 
6 


Good  

....do 

....do  

...do  


Tar  tlx. 
.1.  TT-J 
3,622 
3.629 
8,000 
S.0O9 


ardM.  I  rd«.    Fardf.  Pound*. 


4146.4  ,  215  -11 

-  8.6  !  243  +17 

-  W.  6  I  221  I  —  5 

I  -  2&0  m\  +  & 

-  00.0  300  -0 


:  38 
I  38 
I  37.25 

i  W 
07.76 


0.0HL0  I     0&80,  2M  I     aO  ;  07.0 


11,500 
10,000 
10,000 
8,000 
11.800 


1%0OO 


Ohatge:  15  poondo  K.  1. 1  jrnyiiilotion,  78i  douity,  1.060. 
Dldpenlon:  &i  dinotfon,  S  yacdo;  innnge,  170  ' 


Tabub  No.  8,'^Mortmr  No,  9. 

[Dud  pn\JeeUle :  weight,  ^  poonda.  Angle  of  fire,  GO''-} 


Kaof 
lOoonL 

r 

No.  of  . 
j 

Chaixo. 

Nature  of  , 
flight,  j 

1 

45 

1  j 

1 

Ywyinog- 
nlar.  < 

1  « 

o 

•*»   i 

3 

«^ 

r-4 

-  .do  

00 

1 

4 

1 

1  *.H  K 

...do  1 

1 

lAMge. 


Derlotion. 


Left.  Bight. 


,  1 
Yards.  Yards. ,  Tard$. 
2.880  I  107   


107 


2;  280 


180 


37T 


Tfmo 

of 
flight. 

Preosore 

on 
■qa*re 
liioh. 

Sect. 

Pounds. 

28.28 

11,000 

80.25 1  11,800 

82.00  i  U.7B0 

Not  timinod    fltghlo ;  wuro  all  rtrj  tiMgnlor, 


0L00 .  10^080 
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Tlie  Dind  projectiles,  fired  from  mortar  No.  2,  pTi^ve  saoh  inferior  w- 

sukjj  that  only  four  of  tJluMu  w^tp  fonncl  at  OO'^  elevation. 
The  meau  resalts  oi  the  lor  ogoiug  tables  will  be  touud  in  table  2^0.9. 

Tabx«sb  No.  9.~i8lMRaMry. 


AXLSLMXSK  PBQJBOTtLB. 


1 

1 

1 

1 

fli*.  j 

1 

B««ai.| 

1 

1  I 

i 

tovtetlM 

Kigbt. 

1.        1  Dlap« 

DIrec- 
^"«'  }  tion. 

Range 

Time 

of 
flight. 

nr©  on 
•  ^uar«i 
incb. 

'  MorUu*  No  1 . 
1  Mortar  N.i  j 

0  / 

28  36 
•.':v  36 
60 

r 

Tardt. 
7.229 
6,803 
8»571 
t,«M 

Yards.  , 
36.4 
24.(1  1 

6B.S 

Tard*. 
04.8 

*  «  *  »     ■  • 

:::::::: 

"1.4 

1  ~ 

Tarda. 
13.4 
26.1 

as 

Yards. 
33 
60 
1» 
18 

YardM. 
128 
71 
IM 
IfS 

Seeond* 
20.2 
29 

a&66 

•7.6 

Pifi'  ml* 
23,  &&0 
25, 750 
9.200 
10^200  . 

PBOnSCXILB. 

2fl,250 

28.  050 
10, 750 

,  Mortar  So.  1 
■  M.trt.it  Xo.  J 
jUorUrJKo.l. 

GO 

1 

t),  il90 
1  3.446 

51.7 
43.6 
199 

.  6&  25 

l'"'k4' 

6.7 

24.3 
fiOil 

17  1  133 
83  i  I'ii 
i«l  656 

20.25 

28.6 

1 

All  exaiuiuation  of  the  tat>wJat®*^  results  shows  tlmt  the  Arrick  pro- 
jectile experimented  with  gt*ve  better  results  tliau  iLe  Dartl»  ami  Lhai, 
•11  things  considered,  mortar  No.  1  wae  superior  to  mortar  No,  2. 

The  carriage  firomifliicti  ttiese  mortars  were  fii vd  was  not  sufficiently 
Ti|iid  to  obtain  great  accuracy  iu  range.  The  platform  upon  which  tli«} 
t'^rriage  was  monnted  Qiistjiined  considerable  iniury  during  thelirin.tr 
*t  high  angles.  It  is  rht»iiy;  Ut  that  with  a  heavy  mortar-bed  fiar  mure 
•ojwste  results  will  be  obtained. 

Firing  records  and  sketclies  wbieh  show  the  groups  of  the  projectiles 
ai«  forwarded  with  this  report 

T.  a.  BAYLOR, 
Ootonel  of  Qrdnmwe,  Ff evident  of  the  Board, 

OBO.  W.  MoKBE, 

Major  of  Ordnances 
CHARLES  SHALKI^, 

Captain  of  Ordnance. 
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(CmvwMd  fhm  •  XO^tedb 


9 

'  3 

I  55 


Time. 


T 


B«roffieter,  29.63j>; 
thermomttler,  ! 
fl(l.9»  bnniidUy. 


Baromntcr.  29.738; 
thnmtotn»tf>r,  5t  5 


35 


36 
«7 


18B4. 


9fr 


Mar.  27 
M4M-.  26 


BiurotBeier.^eeo 
therm  oiDi>t«r, 
4T,  biuBldl^, 


3»  (  Mar.  38 


Barotuuter.  29.574; 
thermomi*ter, 
hoioUUtiy, 


G6, 
Ml 


tli«r»o«»«t«r. 
49i  hnwidl^, 


39 
40 
41 
42 


43 

44 
4.'. 
46 
47 


4% 
40 


Mar.  a» 
Uar.  20 
H»r.  SB 

Mm.  as 


Mar.  29 
Mur.  29 
MiiT.  29 
Mar.  SB 
Mw.  9 


Apr, 


1 


50 

61  I  Apr. 


82  Apr. 
53  1  Apr. 
Apr. 


,  64 
'  86 


Powder. 


1 


Fk^jMlOe. 


Dn  Pont'n  E. 
V.  K.  Dcii- 
ilty.  1.750; 
KraDuJAtiou, 
72. 

>  ■  •  ado  • m * • 


■J 
.a 


SO 


30 

ao 


Arrick  (new). 
Sftbotkl4|. 


Arriok  (nnw). 

Sabot,  Hi 
Arriok  (new). 


..do 


..do 

..do 
..do 
..4o . 


ao  I  Dard  (new) 


•  ■■do 

•  ■ ' do  • 

— do  

. . .do  ...  . . . .. 

Dn  Pont  H  K. 
I.  Deonity, 
1.6M;  grao- 
nlatioD,  Tt. 

>...do .  «••••• 


1 

'  ■  ■  .do  - 

IS 

1 

15 

t 

15 

1 

. . ..do  ......... 

15 

...  .do  . 

18 

} 

Apr.  1  I.. ..do 


30 
30 
30 


30 
30 
30 
30 
15 


IB 


Anil  k  (i)cwl 
I>aitl  (now)  . 
Arrick  (now) 
Deed  (new).. 


Arrick  (new)  , 
Dartl  (new)  . .. 
Arrick  (new)  . 
r^Mll(DOW)  ... 

Arriok  (new) . 


Bard  (new) . . 
Arriok  (aow) 


Dard  (new) . .. 
Arrick  (new)  . 
Dard  <n«w)  . .. 
Arrick  (unw)  . 
Dard  (now) . . . 
Arriok  <Bew> . 
Dard  (new) . 


344 
334 
344 
384 


337  0 
0 


336 
346 
336 
346 

330 


28  :ti; 

28  36 
28  36 
28  36 
!  «C  00 


60  00 
60  00 


60  <  0 
00  00 
60  00 
60  00 
60  00 
W  00 
WOO 


.'iOO 
30.500 
23. 250 
25,S00 
10,750 


I 


8,750 
8.250 


10.500 
8,500 

11,000 
9.250 

11.500 
8,250 

12.000 


Bondolftto4CiBelMiTe.  Dooaltj ofleodliig, 83.4 oabio looboe. 
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Suady  Ilooi,  N.  J.,  from  March  27  to  April  1,  1684. 
Bodman  smooth-bore  gun.] 


4. 50  From  rear  md.  right 
43»,  12  bUm  an 
hoar. 


^33  ...  .do  •••••••• 

1. 7i  From  rear  and  right 
HfP,  16  milea  an 
boor. 

1,97  From  rear  it  m',  I  n 
30°,  18  fuile«  au 
hour. 

2. 25  ...  do  

1.02   do  .............. 

2.08  ...  (!<•   

\  8  luilttB  an 
hour. 

2.83  ...  do  

2* 33  ■•••do  >««««««*«••«•• 

2.S0  ...  do  

3.33   do  

aso  |....do  

0.  67  ;  do  

0.  29  From  rt-iir  and  ri<;ht 
(MP,  H  milea  aa 
hoar. 

a  37  j  do  

0.58  !....do  

0.67  |....do  

a 42  j....do  

0.50   do  .............. 

0*  50  >  •  •  ■  do  • 

o.m  l....do  


i 

o 

Q 

a 


« 

a 


'ill 


r! 


o 

1 


a 


"   .  Tarda. 
2,195 


74 


7i  2,204 
7.tl7 

30i  Lost. 


I 


21 

21 

281 
29 


7,232 
6,910 
7. 205 
7,046 


7. 189 
6,972 
7,202 
7,  049 
3,660 


3.456 

3,538 


3, 647 
3,633 
2,947 
3,510 
3,580 
3,610 
3,603 


e 

•a 


Tarda. 
6Utft... 


46  left. 
791elt. 


fjO  U'ft  . 
74  I.' ft  . 
79  left. . 
76  left... 
l«7rii^(. 


1S6  right.. 

lac^t.. 


26  right.. 
148  right . . 

3  left  

152  right.. 

laoritrht . 

15«riKlit  .. 
116  right.. 


Special  TCnaika  alMMit  Midi  fln.  mcb 
aa  eflVct  oo  ptooe^  WMud  of  projectile 
in  flight,  urattiirtiiig  of  ikagmenta,  etc. 


Good  liight. 


Do. 


Good  flight.  Gun  Jamped  oot  of  trtin. 
oion  iMMla,  and  ftn<rl«i  piec<e»  l>olti!U  to 
( iirri;ii;t'  h<i  a^*  to  iiKT<-a.-^e  llinir  height 
in  rear.   Mortar  lashed  to  carriage. 

Slightly'  


0()0<|  tlit:lit. 
Sln:litlv  iire, 
Fair  flight. 


Good  flight 
Fair  tliulit. 
D%>. 

Sllghtlv  irregidar  fllfdlk 
OoodlUght. 


Do. 
Oo. 


Fair  flight. 
Good  flight 
Very  irregular  flight. 

Good  fligfiiL 

Dn. 
Do. 

Do. 
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Ueoord  offii  'mg  with  10-»fic4  rifled  mortar  ifo,  2,  at 

[Cmvnrtod  fk«a  •  lO-iDob 


I 

I 


Fowder. 


■1- 


Projoctiie. 


1884. 
Apr.  8 


.18  ,  Apr. 
84  '  Apr. 


Bunueter.  29.918 
thermu  meter, 


35 
36 


Apr. 
Apr. 


g 
8 


Du  Pont'«  B.  . 
V.  1L  Den-  I 

nity,   UM;  I 

ST" "  ■ 


^  1 

1  S 

1:  ■ 

'  -I 

Lbt. 

80  i  Airtok  (MV) 

.1  M7  0 

I 


i 


a 
o 

« 


1 

3  E 

ft'  w 


I   ±  M 

'•3  E 

3  P 


(Ctf 


20.000  817 


do  I  80  I  Dard  (nsv)...!  885  8  i  <  16 

..do  ,  80  {  Arrtok  (new) 815  0  I  88  88 


p«>do  < 
do , 


.i  80 


Bnromctor,  29.877; 
(hermoiDcter, 
45?  bimiidity, 


BaroM<  t.  i  -'9.429; 
tlieiiu*  meter, 
4L5;  taiuniditj, 
88. 


87  ,  Apr. 

88  Apr. 

30  Apr. 
40  Apt 


!  *i 

I  42 


Apr. 
Apr. 


8  ....do. 
8  '....do 
8 
8 

8 

8 


D«rd  (iMw)...'  884  0  I 
Attlok  <Mir)  .'  845  0  i 


96^080 
47.000 


•  .■.do ' 

. ..  do  . 
...do 


I  •  •  •  k  «4 


30 
30 
.W 
30 

30 


43 

Apr. 

8 

•  ■ « «4o  »« »•«•»• 

44 

Apr, 

8 

Dn  Font's  K. 

1.  Denilty, 

l.eSO;  gran 

ulHtlon,  72. 

45 

Apr. 

. .  do  

46 

Apr. 

8 

. .  do  

47 

Apr. 

8 

-do  

48 

Apr. 

•  8 

...do   

40 

Apr. 

8 

. . .  do  

50 

Apr. 

9 

. . ..du  . .  ..... 

51 

Apr. 

0 

. .  do  

Si 

Apr. 

0 

Pii  Tout  »i  K. 

K.  DeoHlrv, 

1,800}  ijrau- 

  87.850 

;88  88  118,680 

I  i 

D«il  (now)...;  884  0  .  88  88  !  25.500 
Arrick  <Dew)  ..845  0  28  86  93,500 
Dard  (now)...i  884  8  I  28  88  ,  20. 000 
Arrick  <n«w>    845  0  |  28  88  [  87,750 

38  88  '  25.000 
28  86  aikOOO 

28  86  91^500 


Dard  (new)...!  884  8 

Antok  (now)  .i  845  0 

80  I  Dud  (Mir)...|  884  0 

15  '  AiTlok  (B«w)  .(  848  0 


15 
15 
15 

15 

l'< 
15 


15 
15 


Dard  (now).. 
Arrick  (now) 
Dard  (now> . . 
Arrick  (new) 

Daiil  (IK'W)  . 
Arrick  (new) 


 do  

Dard  (now). 


3.35 
343 

;o5 

343 
335 
343 


I 


GO  00 
(W  00 
00  00 
60  00 
00  00 
60  00 

I 

I 


11,000 
10.  ooo 
IL-'HW 
10,000 
11,750 
8,000 


I 


I  343    0    eW  00  H.-^OO 
;t35    0    liO  UO  ^  10,  500 


RonndH  32  to  43,  iucloaivo,  denaity  of  loadinj;,  33.4  enblo  inehoa. 
Boondfl  44  to  58,  inoInaiTA  doftaitj  of  londiac  88.8  oaUo  inohoa. 
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Sm^  Hook,  N.  J.,  from  April  8  to  JpHt  9, 1884. 

.  smooth  bore.J 


1.83 


Lit 

ha 


tin 

<l.fiO 


,  .  do 
From   front  and 

right  «8o.  14  milM 

■Bhanr. 


....do 
...do 
...do 

...do 
...  do 

.  ...do 


I 

hi 


I  From    (Yont  utd 
right  20O.U1 
an  hoar. 


 do  

. .  .do  

. .  do  

 do  

 do  

From  front  and 
right  2U»,  UmUuH 
aakonr. 


11 


.do 

.do 


a 
o 

I 

a 


TardM. 
6  right. 


It  tight. 


28} 

«,77e 

28i 

29 

6.847 

28i 

0,491 

18 

8,772 

294 

2,350 

Z» 

3,  822 

304 

2,326 

37i 

3,529 

32 

2,286 

37 

3,000 

871 

3.005 

ni 

xm 

UkA... 


40  left... 
34  right. 
78  left... 
MtlffhI. 

seieft... 

16  left... 
114  left... 
21&  right. 


243  riisht. 
U)7  ri;;ht 
221  right. 
199  left... 


miigiit. 


special  rt'marks  about  each  tir<-,  rtii<  li 
as  effect  oo  piece,  aoand  of  proiectile 

innyhttiwitwliigi  

etc 


Good  flight.  8M1 


Very  irregolar 

1  pousdMBd.  . 
Ooodfligki 


Goodlil^t. 


Irregular  flight. 
Good  flight 
SUgbtlj  iRognlar. 
GoodfDgkt.  ~  " 


Slightly  irregnlar. 
Good  flight.  Shell 
aand. 

Very  lrrtnnil»r  flight. 

1  i>ouiia  Aand. 
Goo«l  flight.  Before  this 

porting  fltn^  I 

paired. 

Very  irroeular  flight. 
GoimI  flight. 
Very  irf«gular  flight. 
(J<>.m1  tli;;Jit. 
Very  irrt^ular  flight. 
Good  flight* 


Good  flight, 
•and. 
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)peiidix  17 — 1884. 
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XBIAL  OF  THE  IMPROVED  GARDNER  GUN,  CALIBER  .45,  BY  TME  ORD- 

NANCE  BOARD. 

(13  plates.) 

In  a  letter  dated  May  5,  1884,  the  Chief  of  Ordnance  directed  that 
should  the  Messrs.  Pratt  &  Whitney,  of  Hartford,  Conn.,  present  one  of 
their  two-barreled  machine  guns,  formerly  koown  as  the  Gardner  g^n, 
the  Ordnance  Boaixl  sliould  have  it  tried  at  Sandy  Hook  and  report. 

Tt  was  necessary  to  obtain  Government  ammunition  with  the  5(i()-jrrain  * 
bullet,  as  it  was  stated  that  the  gun  now  known  iis  the  ''improved 
Gardner  gun  ^  oonld  use  either  that  kind  of  ammunition  or  the  cartridgea 
with  the  405-grain  bullet. 

The  gun  has  been  fully  described  and  illustrated  in  the  Report  of  the 
Chief  of  Onlimnce  for  1880,  page  387  etneq.  The  nomenclature  has 
been  ciiaiigcd  and  is  as  follows: 


1.  Casing  body. 
%.  CanliigeoTcir. 

li.  nin;:e  ])in. 

4.  Hiii^e-piii  watther. 

r».  Cnwabel. 

6.  Cam  aln'l  Horew, 

7.  Rear  .si>ilit. 

8.  Kear-Hi^ht  Kiiide. 

9.  Kear-sigbt  Bpring. 

IOL  BeM^sight-pnide  screws  (2). 

11.  Btfar-sight  )>iiii<>ii. 

IS.  itoar-sighi-piuiou  head. 

13.  Bew^lght-pitiioD  head'pin. 

14.  Front  sight. 

15.  Barrels  (2). 

16.  Front  barrerplat«. 

17.  Front  barrel  plHte-pin, 
li^.  Hear  barrel  plate. 

r.(.  K«  :ir  barrel  plata*plll. 
SM).  JLook  cam. 

SI.  Loek-eam  journal  boKM  (8;. 

23.  Journal  box  pin, 
2^}.  Ilaud  crank. 

24.  Hand-crank  pin. 

25.  Hand-crank  hamlle. 

26.  Craiik-banflle  spindle. 

27.  Spindle  nut  (lu  x.), 
'28.  Spiudte-nnt  washer. 

29.  Spindle  nnt  (round). 

30.  Lock  frames  (-2). 

31.  JLook- frame  heads  (2). 
SSl  Loelr-fnuiM  tnielcs  (2). 

33.  Lock-frame  truck  phui  (S)* 

34.  Extractors  (2). 

35.  Eztraetor  pin*  0^). 

36.  8m»(S). 


37.  Sear  pins  (2). 

38.  Sear  springs  (2). 

39.  S<\nr-s|iri!ij:  pins  (2). 

40.  Maiu.spritii^rt  {'I). 

41.  Firing  pins  i  J  1. 

42.  Firin<;-i»in  racks  (2). 

43.  Cocking  levers  (2). 

44.  Cocking-lever  pins  (2). 
4&  Cockin<;-leverstoy  pina. 
40.  Cockiii;;  cum. 

47.  Cocking-cain  screw. 

48.  Cookiug-caui  piua  (2). 

49.  Lock  guide. 

50.  Lock-gaide  pin. 

51.  Shell  starters  (8). 

52.  Shell-starter  pina  (8), 

53.  Ejectors  (2). 

54.  Ejector  pins  (2). 
5.5.  Safety  crank. 

56»  Safe^-crank  atop. 
87.  Ssftity-eraak  stop  spring. 
5fl.  Safety-crank  stop  bead. 
50.  Safetj-crauk  stop-head-pin. 

60.  8afe^-ennk  pin. 

61.  Safety-crank  sbaft. 

6S.  Safety-crank  shaft  lever. 

63.  Safoty-crank  ill«ft-l«T«r  apltoe. 

HI.  Mainspring  compressor. 

65.  Lever  and  cumpressor  sinks  (2). 

66.  CompreHHor-tliik  pint  (S). 

67.  Fead  valve. 

68.  Feed-ralve  tilde. 

6y.  F«'ed-\  alve  screws  (8). 

70.  Feeid-vaive  lovor. 

71.  Feed-valve  lever  screw. 
78.  Fead-vi^ve  lever  ahde. 
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(2). 

75.  Shell  deflector. 

76.  Shell-deflector  pina  (2). 

77.  Casing  ^^ud  inoimt  swiv«l  pin. 

78.  8wivei-piQ  liog. 

79.  Swivol-ptn  fitig-ehftlii,  and  loek  pin. 

80.  Klt  val itii,' scrtiw. 

ril.  Elevatiiijj-screw  slide. 

H2.  Elevuting-Hcrew  «Ud«  pin. 

S3.  Elevating-serf  w  slide  pin  washttT. 

Si.  Elevating-screw  spoke  wheel. 

85.  Eievating-sorew  whMl  nut. 

86.  Mount  body. 

S7.  Pointing  lever  and  screw. 
80.  Pointing-lever  screw  handle. 
>'9.  PoiDting-lever  screw  handle  pin. 
90.  Friction  plates  (2). 
I'l.  Frirtiun  ling. 
Vii.  Friction  pin. 
98.  Mount  base. 
94*  BMehiogabftlL 


73.  Frt'tl-\  jilvo  lever  nimtting  (2). 

74.  Fecd-valvo  lover  abuttiug  stay  pins 


95.  hinge  bnll  washer. 

96.  BiUMj  hinge  ball  nut  (hex.). 

97.  Base  pivot  ball. 

98.  Base  pivot  ball  nut  (hex.). 

99.  Base  iiivot  ball  washer. 
100.  Base  ]iivot  ball  split  pin. 
lUl.  Otoiilator. 

103.  OsoiUfttor  nnt. 

103.  Osrillator  pin. 

104.  Oscillator  stop  tkt  n^w. 
IftS.  Oscillator  clamp  belt. 

ion.  Om  illator  clamp-handle  nut, 

107.  0(»ciUutor  cluiup  bolts  stop. 

lOy.  Feed  guide. 

109.  Foetl-guide  catch. 

110.  Feed-guide  catch  pin. 

111.  Fcod-gnidi'  calcli  spring. 

112.  Feed-guide  cartridge  stops  (2). 

113.  Feed-frnide  eartrirf ge-crtop  pin. 

114.  Cartridge-stoit  1  '  T  II. 

115.  Cattridge-stop  pisi<»u  spring. 
ll€.  CaitriidSe^p  plstmi  pin. 


The  gun  carriage  and  mount  are  described  as  follows : 

The  carrhigc  of  the  gnn  is  of  new  design  and  construction,  and  is 
mad*'  *'Titirely  of  steel  and  bronze.  The  frnnit^  of  the  carrins-o,  inclml- 
ing  lilt;  side  walls,  bed-phite  (A),  and  hx1«'  snj)port,  is  made  ia  one  caat- 
ing.  The  lunette  body  and  ring,  handspike  ring  and  socket,  and  ground 
reooil  stop  support  are  also  in  one  casting.  The  top  and  side  trail<plates 
are  supported  at  their  upper  corners  by  angle  irons,  to  which  they  are 
riveted.  Those  angle  irons  extend  from  th<'  frame  to  the  body,  and  are 
riveted  to  them.  Lost  motion  is  prevented  in  the  wheels  on  the  arms 
of  the  axles  (L)  by  conical  sleeves  (L 1)  sliding  into  the  boxes  (L2)  of  the 
wheels  (their  ends  being  capped  to  receive  the  same)  against  oonieal 
washers  (L3)  supported  by  the  linch  pins  (L4).  The  sleeves  are  forced 
outward  by  a  toggle  joint  (M)  actnntod  by  a  hand  lever  (Ml^  (  iiiider 
ueath  the  trail)  and  can  be  locked  either  in  or  oat.  Ample  <*omi)t»n.sa- 
tion  is  made  for  wear  of  surfaces  by  right  and  left  hand  screws  (N )  lodged 
by  jam  nnts  (S 1).  The  cironlar  bed-plate  (A)  of  the  carriage  that  snp- 
ports  the  swivel-plate  (C)  of  the  mount  is  provided  with  a  Uiiwjr  socket 
(Al)  to  receive  the  siiiiidle  (C  1)  of  the  swivel-plate,  which  ha.**  a  ciren- 
lar  groove  (C2)  into  which  is  inserted  by  means  of  a  lever  (Oii)  a  slid- 
ing Itolt  4)  for  holding  down  the  swivel-plate  which  passes  over  and 
around  the  bed-plate,  and  may  be  secured  to  it  in  any  desired  i>ositioti 
by  the  grip  rincr  (Co),  which  i.>*  fastened  in  such  a  manner  tliat  it  has  no 
movement  up  or  down,  while  it  has  ample  room  to  move  outward,  after 
being  released  by  the  grip-ring  screw  handle  (0  6),  and  the  moiua  then 
has  rail  range  of  the  horizon.  The  base  (D)  of  the  mount  slips  oyer 
«nd  around  the  swivel*plate,  and  is  held  from  uprising  by  the  nut  (D 1) 
and  the  lock  pin  (I>2)  on  a  round  bolt  (D3)  that  passes  throui^h  the 
spindle  of  the  swivel-plate.  On  the  upper  face  of  the  swivel  plate  is  a 
segmental  T-groove  (C  7)  to  receive  the  head  of  a  clamp  bolt  (C  b)  that 
projects  upward  through  the  front  of  the  base-plate.  A  handle  nnt  (O  !>) 
clamps  the  parts  fast  when  the  oscillator  is  not  in  nse. 

Thf!  amplitude  of  oscillation  is  20  dc^rreo.'*,  and  ran  be  decrea.«;('d  at 
will  by  turning  tlio  oscillator  sto|>  .screw  (1)  t)  on  the  upper  fac<'  of  the 
base.  From  the  base-plate  projects  upward  two  walls  [D  5),  forming 
the  onter  portion  of  a  joint  in  which  rests  the  walls  (E  1)  of  the  moant 
body  (E).  On  the  inner  side  of  the  body  are  two  cironlar  beveled  frio- 
tion  piates  (B  2),  the  outer  surfaces  of  which  are  forced  against  the 
inner  sides  of  the  mount ^  these  in  turn  are  forced  against  the  walls  o£ 
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the  base,  aud  that,  is  supported  by  a  bolt  {K  'S)  pansiug  tbrough  the 
wboI«  and  secnred  by  a  washer  and  nut  (F).  The  friotiou  plates  are 
held  from  rotary  motion  by  a  stout  pin  (F  1)  that  paiises  throuf^li  the 
whole.    On  the  frictiou  plates  is  a  <,'np  rinj;  (F  2),  the  screw  (K3)of 
whieh  pa88ti8  underneath  the  rear  binly  of  the  mount  far  enough  to  form 
the  poiutiug  lever  with  its  croh^  iiaudle  (G),  thus  instantly  perfortuiug 
two  futictions,  as  the  hands  do  not  leave  the  screw  until  the  gun  ia 
pointed  and  screwed  in  any  position  ftom  30  di'irncs  elevation  toM 
degrees  depression.    A  t  tlu-  front  of  the  mount  body,  extending  upward 
is  the  arm  (H)  for  suiiportin^  the  gun  caMtng  (11 1),  whieh  is  bored  for 
attachment  by  an  ordinary  pin  hinge.    The  mount  body  extends  far 
eDoogh  back  to  receive  the  nut  (U  6)  for  the  elevating  screw  (H  2),  in 
the  upper  part  of  which  is  a  sUding  box  (H  3)  to  receive  the  pin  (fi  4) 
that  makes  conneetion  with  the  r«»ar  of  the  casing. 

The  caisson  that  accompanies  the  gun  is  of  the  usual  IJ.  S.  pattern. 
The  chest  is  of  oak  and  carries  eight  (8)  ammunition  packing  drawers, 
having  aliio  snffieient  space  for  appendages  and  tools.  The  accompany- 
ing drawiDLT  i  Plate  1)  represents  one  of  the  eight  drawers  to  be  oanied 
in  the  limber  chest.  Each  drawer  holds  45  pasteboard  paper  covered 
cartridge  packing  cases,  whicli  may  be  mad*'  waterproof.  Each  case 
holds  1:20  cai  tridges.  The  toUd  amount  of  ainmunitiou  carried  in  the 
caisson  is  7,20CI  rounds.  The  cases  are  paclced  on  end,  and  are  sap- 
ported  by  Moh  other  in  such  a  manner  that  they  cannot  be  sliakeu 
arnnnd  nv  upturned,  and  all  liability  of  i  ^^'Huiiin  bullets  or  shells  is  *  * 
I>n'v<'nted.  The  drawers  have  on  their  iusidr'  wails  a  series  of  grooves, 
equal  in  number  to  one-third  of  the  paper  cases  to  be  packed.  A  movable 
partition  (that  can  be  withdrawn  by  gne  motion  of  the  hand)  is  arranged 
to  fit  the  grrooves.  After  the  drawer  has  received  its  full  amount  of  cases 
the  movable  partitioii  inserted  into  the  grooves  at  the  end  of  the  . 
(haw*  r,  thereby  forrmng  an  inner  wall, supporting  and  locking  tin  (  ases 
ikiiuls,  in  position.  In  urder  to  break  bulk  the  partition  is  removeti,  liius 
leaving  space  enough  to  admit  the  fingers  to  break  out  the  first  case, 
after  which  there  can  be  no  difficulty.  When  a  portion  of  the  cases 
have  betMi  rcTtinved  from  the  drawer  it  is  absolutely  necf^ss.n  x  lo  secure 
tho^e  reniaining,  and  the  movable  ]>artition  can  be  inserted  into  the 
grooves  nearest  the  cases,  thus  securing  thorn,  even  to  the  Uiat  casCf  as 
fimly  an  though  the  bulk  bad  not  been  broken.  The  partition  is  secured 
to  the  drawer  by  a  stout  cord,  so  that  there  is  no  danger  of  its  becoming 
lost. 

The  sights  used  with  the  gun  were  an  ordinary  ojxmi  breech  sight  and 
the  Zalinski  sight,  described  in  detail  in  Ordnance  Note^i  2s'o.  188.  The 
latter  was  presented  by  the  Pratt  and  Whitney  Com])any  as  a  part  of 
their  system,  which  they  wished  to  test  in  compariBon  with  the  usual 
sight  for  their  guns. 

The  experiments  were  carried  on  in  accordance  with  ilie  following 
programme,  which  was  submitted  to  the  representative  of  the  Qun 
Company  for  suggestion : 

1.  Dismount  the  gun,  separating  it  into  its  elementary  parts,  and  re- 
asromble  it,  this  to  be  rlorie  l>y  an  expert,  and  Oic  t\mo  to  be  noted. 

2.  Fire  deliberatciv  l.fnK)  rounds  into  asand  hmt.  tit  tt rminiug  initial 
velocities  with  eacii  kind  of  cartridge;  oOO  rounas  with  the  4U5-graiQ 
bullet  and  500  rounds  with  the  000- grain  bullet. 

r>.  Rapidity  by  an  expert,  1,000  rounds  ;  500  rounds  with  the 405-gEaui 
bullet  and  500  rounds  with  tin  "oo-grain  bullet. 

4.  Rapidity  by  a  non-expert.  l,t«M)  rounds;  5tKJ  rounds  with  the  405- 
graiu  bullet,  and  500  rouuds  with  the  500  graiu  bullet. 

5.  Aocniacy  of  gun  and  sights  at  1,000  yards,  1,000  founds;  260. 
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Tonnds  with  the  405-grain  bullet  aud  Zaliiiski  sight;  250  roauds  with 
the  SOO-grrain  bnUet  and  Zalinski  sight;  250  loands  witb  the  405-graiQ 
bnllet  aud  commoo  sight ;  and  250  rounds  with  the  600-gnitn  bnUet  and 

<ComiDon  siglit. 

0."  Accuracy  of  guu  aud  .sijcilits  at  one  mile,  1,0(U)  iohtkIs  ;  l>50  romids 
yrith  the  405-graiu  bullet  aud  Zaliuski  sight  ;.2oU  rouudi>  with  the  500- 
gadn  ballet  and  Zalinski  sight ;  260  roands  with  the  405-grain  boUet 
and  common  sight ;  and  250  rounds  with  the  500'grain  bullet  and  eom> 
men  si^ht 

Uu  May  29, 1884,  the  guu  was  takcu  apart  in  40  si  condH  aud  reasBem- 
bled  in  1  minute  aud  27  secouds,  bj  Mr.  Smith,  from  the  Pratt  aud 
Whitney  Company.  This  was  done  witb  deliberatiOD. 

Thefirhig  then  commenced ;  6  rounds  with  the  405-grain  bullet  giving 
^  mean  velocity  of  1,.S(X)  feet  at  50  feet  from  the  ritn;"/lc  ;  6 rounds  with 
the  500-«?rnin  bullet  g^iving  1,220  fe<'t  velocity  at  the  same  distance. 
Four  hundred  aud  uiuety-two  rouuds  with  the  500-graiu  bullet  were 
>tihen  fired  deliberately  to  try  the  working  of  the  mechanism ;  the  gun 
worked  well  throughout.  With  the  405-grain  bullet  in  firing 403  rounds 
-deliberately,  the  workinix  of  t!ie  crank  was  interrupted  and  a  enrtridjje 
c  ise  was  found  loose  in  n  ai  nl"  the  barrel.  There  were  ten  Tiiisstires, 
but  nine  of  thciie  carlri«lges  were  subsequently  hred.  As  wiii  be  seen 
by  theaeoompanying  tiring  record  there  were  other  interferences  with  the 
working  of  the  guu,  but  they  invariably  occurred  in  the  left-hand  barrel 
and  with  the  405-grain  bullets.  It  was  disooTcred  that  the  lelt-hand 
lock  was  slightly  worn. 

The  guu  was,  at  the  request  of  the  Pratt  &  Whituey  Company,  with- 
drawn subsequently,  and  the  defect  in  this  lock  remedied,  after  which 
no  obstruction  in  firing  ensued. 

The  following  table  briefly  sammarises  further  lesnits  which  are  d^ 
tailed  in  the  flriug  record : 


Date. 


Object. 


Sapidity  i 


Tim* 
of  fiiiog. 


dumber  rouuds  fired. 


3f  S 

40C  500-grain  bitllnt  i      1  IH 

49U405-^iu  bullet  I  •    1  »| 

49M  5(J0-Kiaia  biillot  i      1  m 

500  4u:»-|;ialu  bullet  i      3  36} 

  1 


In  the  above  rounds  500  cartridges  were  fed  each  time,  but  some  of 
them  dropped  from  the  boxes  as  the  attendant  was  feeding  them  into 
the  guide.  In  the  last  of  the  series  a  jam  oecurred,  necessitati?i"_''  the 
•oi)eniug  of  the  breech  casing  and  feeding  again  into  the  guide  a  num- 
ber of  cartridges. 

Firing  to  compare  the  sights  and  test  the  accuracy  of  the  gun  was 
then  commenced. 


Olideot. 


.July  1,  int. 


\Te«tof  ZaUnsk)  »irht  at 
/   1,000-yiH'i  i.irc"  t 

STeni  of  (■uiiiiiKui  sight  at 
1  ini(i  \  anl  l;ii-::i  t  

\Tc«t  of  ooniitioti  Ri^ht  at 
-i^   MO-ynrd  target    .  .. 
iJTent  of  Zfllhiski  siijlit  at 

*ij   mile  iarK«'t   . 

5T«at  of  ooumoxi  ftight  »l 
)  witotafsvt  


i    Kjin«l  of 

No.  of 
shots. 

No.  of 

Direct 

liicochet 

1  OMtiidge. 

roands. 

Utc. 

hSti. 

10 

2.M) 

21(1 

tl 

)        uniiri . 

M 

2.50 

M.-i 

14 

}  4<irvgrain 

!0 

2.i0 

100 

40 

4 

250 

169 

3« 

C  5(H)-irrafn 

tl 

.•iOO 

470 

10 

\  40'  umiii 

4 

500 

470 

3 

250 

38 

2 

T> 

250 

27 

3 

j  (  SOO-cmlD 

12 

250 

fiS 

9 

13 

2S0 

14 

1 
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The  firiog  on  June  was  for  the  purj»osp  of  comparin^i  the  gun  with 
its  previous  record  fit  that  distance  on  Junnary  15,  1880,  at  which  time 
dOO  rounds  were  flred,  ^^ng  447  direct  and  14  ricochet  hits. 

The  other  flring  in  the  above  table  served  for  a  comparison  of  the 
Zaliiisld  and  conimou  sights.  Lientenaut  Zalinski  was  present  at  all 
the  tiringti  when  his  si<^ht  was  used  and  nianijnilated  it  himself. 

On  July  30, 1884,  the  gun  having  been  previously  withdrawu  to  repair 
the  left-hand  lock  was  returned,  and  agiiin  fired  for  rapidity.  After 
-flring  a  few  rounds  the  crank>piD  oame  oat  and  the  firing  had  to  be  re- 
4snmed.  This  called  attention  to  a  defect  which  should  l)e  remedied. 
A  catch  of  some  kind  should  he  substituted  for  this  pin.  ;»s  tlie  latter 
may  be  loosely  inserted,  and  if  lost  in  action  the  gun  would  be  tempo- 
rarily disabled. 

Tbe  trial  was  resumed  with  the  folio wiog  xesnlts; 


J'aljr  30, 1884 


O^lMb 


Rapidity  by  expert 


If  onlMr  of  VBindi  And* 


M.  8. 


5O0  405  grain  bullet   1  1 


6«>40ft-«TikiatmUe» 


The  405>grain  ballets  were  all  contained  in  folded  head  cartridges. 
The  cases  were  more  diffieult  to  extraet  thnii  those  with  the  500>gruil 
buHet,  aud  the  record  shows  that  they  were  inlVrior  in  accuracy. 

The  firing  records,  targetn,  aud  drawings  referred  to  are  appended. 

Summary, — ^The  improved  Gardner  gan  is  Ugbt*  compact,  and  simple 
in  its  stroctiire,  and  compares  &vorably  with  die  Gatliug  gun  in  every- 
thinpr  ^*nt  rapidity :  it  fires  the  service  cartridges  cont  iiniitjr  either  the 
40o  or  500  f^rain  huliet  equally  well.  The  device  for  l*-e<lniLr  is  admi- 
rable, aud  the  pasteboard  box  cout^iiuiug  the  auiniuuitiou  for  infantry 
«an  be  easily  adapted  for  use  with  this  gun.  This  is  a  great  advantage 
for  a  machine  gun  intended  to  supplement  and  re-enforce  infantry  fire. 
The  resnlts  obtained  witii  the  Zalinski  sight  do  not  seem  to  be  suflB- 
cieiitly  superior  Xo  those  with  the  ordinary  sight  to  compensate  for  its 
<}ize  aud  complication. 

The  reeommeodation  of  the  Board,  made  in  aooordanoe  with  the  letter 
<if  the  Chief  of  Ordnance  dated  Jaly  26, 1884,  is  that,  as  this  gan  com- 
pares fiivorahlv  with  th«^  Gatling  gun  in  everything  except  rapidity  of 
/ire.  some  of  them  should  be  proouied  for  the  service,  but  without  the 
Ziiliuski  sight. 

T.  G.  BAYLOB, 
CoUmel  of  OrdmmMe.  President  of  the  Board, 
GEO,  W.  MoKEE, 

Major  of  Ort^nanoe* 
GHAllLES  8HALER, 

Captain  of  OrdnanOB, 
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Bmordff  fiH/ng  wttfc  IwyrBtiJ  OtKrdnmr  mmoMm  gm  ut  Sumdj^ 

I  Before  flrinK,  Uie  working  parts  of  gan  were  removed  by  Mr.  Smitli,  agent  of  Pratt  &  Whitney,  in  46  see 


Barometer,   30.079 ; 

th»'rnioni<>t«'r,  'i-'i ; 
liuttiidtiy,  it). 


I 


'  rouni 

1R84. 

o 

II 

'  i 

** 

B 

O 

>% 

\  ^ 

>3 

Pi 

1 

'  1 

May. 

1  1 

VTai- 

1 

1  1 

29 

Mity. 

1 

May. 

29 

1 

May. 

29 

1 

May. 

29 

1 

May 

29 

1 

May, 

29 

1 

May. 

29 

1 

May. 

29 

M;.v. 

?9 

492 

May. 

29 

May. 

29 

1 

496 

May. 

29 

498 

May. 

490 

May. 

29 

MO 

29 

1 

■  . 

. 

June. 

3 

1 

Jiae. 

3 

•Mm*. 

3 

June. 
Jvm, 

S 

1 

s 

1 

3 

\ » 

Jn*. 

2 

Jane. 

• 

S 

JniM. 

8 

Jo&e. 

50 

June. 

100 

JODC. 

3 

50 

June. 

3 

Amiaoattinn. 


Fraokflnd  AlMBBl,  fiOO- 
grate  bnUet. 


Fr.in  kfbrd  Ap»«oal,  405- 
grain  bullet. 


Frmukfonl  Arawnal. 
gzmln  ballet. 


! 


a 

e 
■a 

t 


o  ' 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


TnnkfDTd  Aneoal,  ¥»-  0 


\  FtvakM  AiMDAl.  800. 
srate  boUei. 


Frankford  AmiMl,  800> 
grain  bullet  ' 

I 

Frankford  AxafliMl,  40ft'  \ 

grain  boUet 
f^wUbrd  Ax 

f(T«in  bnllat. 


0 

0 

0 
0 


,  I'^ntokford  A  rsoual,  500-  ^ 


,  Frankford  Araoaal,  405- 


S  T 
t  86 

2  25 
3«7 
8» 

2  2» 
2  60 
t  40 
2  45 
2  40 
2  37 
2  38 


£  a 

1^  kQ  {i4 


1,223 
1,243 
1,226 
1,239 
1,204 
1,229 
1.807 
1,800 
1,300 
1.200 
1,300 
1.303 


I  ! 


o 

9 

a 


By«xpwt, 
By  new 


By 
By  DOW 


im  j 

1  91  [ 

.1 8  30J ; 


Digitized  by  Google 


BEPOBT  OF  TU£  CHIEF  OF  OED.NANCE. 


209 


Hook,  y.  J.,  from  Ma^ '» to  Jnl§  3U,  la84. 

li«plac«afailnfai«MfliMeMd«.  Qua  wported  to  hmw  b<en  prwrtoMly 


1 


a 

a 


E 
o 

! 
I 


g 


a 


s 


•boot  «Mh  Ct«i  Mkeh  m  «flMt  m  j. 
flljcbt,  ■eatutiiiir  of  Ihinii—U.  eio.,  tto. 


of  prqfectSa  !■ 


R«ih..  Fbvil  <|t>U)>«rat«  Iv  into  Mad  biltl  Id  Inr  working  m»ch«oiM>  goa.  llnd  4»« 
ttbetwtely  bv  Mr.  Parkhiiiil,aHi<todVr  two  other  agoitU  of  Pntt  *  Wlittotj. 
TbomuiworkodwoU  tluoniKlMNit;  bntl  «wtrldfo«w«i«tliHiwalott»gi«a4 
Id  fMIIliir  4fl. 

Both.. I  flrii  dflliberat*'lv  into  Mwd  bntt  to  trj  working  moehMlim  of  gnk  Tlnddo* 
•  Uliaratoly  by  PetUoKUl.  M«Ut»d  by  two  agenU  of  Ptatt  A  WUtMj.  TIm 
worUM  of  tbo  oimak  bciag  iBtommtfd,  tho  coatng  trao  oipeaoA  wiAlooln  to- 
BMvod  n  ordor  Co  Mcoiteln  roaoo,  ImtwttiioDtaoeDOMbcyoBdIfiMfboKtkAtll 
WM  in  left  boRol,  wbtnib  ompty  cue  was  fimnd  hanidnc  la  tbo  ilot  la  i 
One  rortrldoe  wm  thiwwa  to  the  grouad  la  feedioK  4M,  aodtbovo  won  10 1 
flres,  9  of  which  were  fired  at  the  serond  attMopl.  The  look  of  tto  loll  T 
wan  then  taken  oat  examined,  and  oiled. 
Vlrcd  into  aand  bntt  f(>i  nuitdity.  Served  by  Parkhorat,  Sbnlth.  and  two  aaaiat- 
ant«.  Four  cartriil^<*A  torown  to  the  ground  in  feeding  500.  Tiiaf>,  1  minute 
144  aeconda. 

Filed  into  aand  bntt  for  rapidity.    Served  by  Iferobaot^  PettingiU  (new  luuidaK 
and  two  aaoiatanta.   Two  caitridgea  thiowa  to  the  poand  la  litodiac  Mt. 

Tim**,  1  minnte  29|  M-condii. 
Finnl  into  nand  butt  for  rapidity.    Served  by  <tume  expeite  an  above.  Fonroar- 

trid)£»-«  tlir»>wTi  to  tin-  pronnd  in  fo<-din|{  500.  Tiro©,  1  minute  tf]  aeooridM. 
Fin'd  into  nand  butt  for  rapidity.  SorvMl  by  «.'»nii>  <'niploy6ii  of  provine  jocund 
an  iiliovf,  »>n«^  Htoppatt"  orrum«d  in  turuink;  th<«  craiilv,  which  wtt<«  ovon^ome; 
thou  came  a  i>t'ii)i|>ui:i-  whit  li  neoeMitated  opening  tlie  ciiNint;,  and  nn  empty  oaae 
waa  toiind  Hticltiiig  in  Hit.''  t  bauibcr  of  the  left  barrel.  After  conniderable deloT 
in  examinlDfC  tli<-  gnu  ami  rophx  int:  the  rartridg^a  the  Artag  Wao  OOBiplotMt 
the  total  time  occupied  Ik^iuk  3  wiuutea  361  aeconda. 


Both. 

Both 

Both. 
Both. 


I 


.1 

V 


atghtlag  ahola. 


>  (FlNdatl.fN.y8idtarMt.  TaigetKa  1.  Dinefthito,SlC  lUooehelhiM» 
3(  n.  nndlalotaof  nThotwMOoehof  whIdkipttiHpodoataBdolMr 


flight  tog  ahota. 


tired  ai  Mild  t  n -i  l     'J    i gt  -  No.  H.    DilTH-t  hitM,  UH.    liu  o.  ],.  i  hit<». 

14.  Firt  il  ill  lt>t«  ot  .''(t.  I'.ui -n^  jne  of  whirh  it  stoppano  o<  i  urii-«l  The 
ra!«intf  "  an  ojx'iipii.  :»nd  rii»"  empty  cane  wan  fiiimd  which  had  ))«en  ex- 
tracted ' 


front  the  left  barrel  bnt  not  elected  from  tbe  gnn.  Gnn  wined  oat 
dhefewooatheloli.  »  r~ 


6191  OBD- 


•14 
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Rwrd  cfjtrlmg  with  impromt  tittriaffr  madaw  gwrn  ut  Sandjf 


i 


£  I 


im. 


J 


9  . 

i  I 

I 

I'  S  Jmw. 
I    S  I  June. 


M  80.019 


BanniMter  SO.  134; 
tlt«nnometfir,  75.3 ; 
Inunidity,  GO. 


lUroiDotcr.  30.103; 
thfiiTuoiuokEr,  79,7 ; 
kmnidttj.tf. 


M  June. 
200  Jiwe. 

S  .June. 
.  S  Jimn. 

2  'juw. 
2  Jane. 
Jos*. 

JWM. 

I 

S  I  Jime. 
JoiM. 

Jane- 


Amnmnttloo. 


I  ^ 

isoo 


i. 


4 

4 

I 

4; 


Kniiikiiii.l  A rH«:aa].5lNK 
jfratn  biill<-r.  ^ 


*  1 


I 

o  « 

2  a  I 

•2  30 

3  29  ' 


2  22 


8  88  : 

28o: 

.  .  Fniiikioia  Ai  -'en*l,4l|$.,  I  •  ja  ! 
*  .  f    jirwin  buUeU  <  j  ■  «  1 

4  I  I  8«8 


5 

I    2  'jane.  |  &  | 

i     2  Ijoo*.  '    5  \ 

l|MOjJniM.  s!) 


Frankford  AnmuO,  M0>  J 


5 

5 
5 


,  Kraiikford  Ar8eiM],409' 
grain  ballet. 


(I  0  30 
1 

1  10 
I  I  10 
1  10 
1  15 
1  15 


I 


a 
1; 


M 


Xaroiiiet) T,    29.954 : 
thermoiuetor,  77; 


2  :  July. 

2  Ja\v. 


ihf)nnoiu<-t«r.  75.4;  < 
MunUUty.Sl. 


2 
12 

I-' 

1-' 

12 
12 

.'.0 

50 


July. 
Jiilj'. 

July. 

■  Iul,\'. 

Juiv. 

Jhlv 

July 

July 

•Tnly 

.fulv 


r«w  July 
li  July 

.Tnly 

li  ,  July 
1  July 
1  July 
1  Joij. 


Fmnkford  ArKcnal.  500- 


!^  Frank  ford  A  rtienaL  M0> 
graiu  bullet 


1  ) 


0 

6  la 

.«» 

4  4j 

6  M 
7 
7 

7  12 
7  20 
7  17 
7  15 
7  11 

7  11 
9  45 
9  1.') 
U  5 

8  5(1 
fl  33 

9  29  ) 
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a 
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tl|i<clrt  IMaark*  about  each  flr«,  such  u  effect  on  pie€«,  hoiuhI  of 
tli^ht,  scattering  of  frajjmentg,  etc.,  etc 


•3 

5o 


•c  a 
a  « 

*  a 


11 


'If 

1  2 

a 

■  ^  5 

I*'  «J 

£ 

1 5 


c 
a 

i 


n 


u 

I 
I 


a 

£9 


i 


SiKhtiug 


.1 


Firudatl,00O-y»rdtarj;et.   Target  Xo.  a.  Dii-ect  hita,  196.  Uicochot  biU,  40. 
Flr*d  In  lou  of  M,  MfewMD  «m1i  of  wliWh  sw  vipfld  ool  Mid  oiled. 

Si^tlafidiote. 

Flrod  »t  l.OOa.vard  tMrttet  TariKet  No.  4.  IMrect  hlt«,  189.  Uicoclirt  liit«, 
39.  Flml  in  lotA  of  50,  darin:;  wlm  li  ilm  o  .s(<>|)i>:»„'i  m  (>r<  iirrc<l,  all  found 
to  \te  CAiued  by  ninpty  can©*  jaiuiucd  lu  liic  i  hiiuibtsi'  of  the  left  barrel, 
from  which  they  had  not  been  extracted.  The  bullet  of  ik  r<ill.in'tog< 
tridgo  waa  in  each  case  pr<»aiog  agiUnat  the  head  of  the  empty  case. 

'  Sighting  iiboia. 


Kired  at  60i»-vaiil  targcL 
FitMliiiklittof  Mfbot 


Target  No.  S.  Uirect  hita,  470.  KioocUet  hito,  10. 
wMn  wUoh  jpw  wiped  oui  tad  oUod. 


Kiiixi  a.1  iUU  .viud  UiiTt't.    Target  No.  «.    Dirf  ct  hlta,  470.   KiM>chet  hita,  8. 
Throe  failures  to  i  \  I  liu  r  I  ruml*  ft  b  in  .  loi  i  iirn  il  during  this  art,  i 
iiUlorea  to        empty  casea,  all  of  which  catuiwd  atoppagaa. 


>stghtls«eh«la. 


Fired  at  miloterget.  TatgeiMa?.  Direct  hit*,  8«.  Biooolwt  hita.  3. 


Digitized  by  Google 


212 


REPORT  OF  THE  CHIEF  OF  OBDKaNCK. 

MMord  ^JM»§  triU^  imgrwMi  Qardner  maeki§te  gim  ut  Sam4f 


§ 


AmmoBitloii. 


1 


5 : 


Bnrometer,  29,887 ; 
t  h  c^nnometer,  75. 4 ; 
bamiditj,  81. 


1 


i 


Uieriuoiiictor,66.7:  < 
.«7.  { 


B«ron)«tei,  29.SIH 
UienuonK 
hibnlditj, 


Bnn.iui-iw,  29.870; 
therini>tiii  t«r,  75;- 
bamidity,  6D. 


80  i  Jaly. 
,  m  ,  July. 
I  M,  July. 
W  July, 
wijnly. . 
islj'vly.  I 
CO .  Jttly. 
:  so  I  ^oty. 
SO  \  Jnly.  ' 
80  i  Jo^. 
( iO  July.  \ 
1 13 '  July. 
■  80  .  Jidy. 
'  80  ;  July. 
60  July.  ' 
SO  Jidy. 
80  July. 

■J  .  Jnly.  I 
too  July.  ' 


OS  July.  BO 
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FR0ORRS8  BEFORT  ON  EXPLOSIVE  (iELATINE,  BY  TBS  ORDNAKCE 

BOARD. 


On  May  25,  1882,  a  letter  wa«  sent  to  the  (^hief  of  Ordnance,  stating 
that  Geueral  Abbot,  United  States  EngiueerH,  had  explained  to  the  Ord- 
nance Board  the  obemical  composition  of  the  explosive  ^latine  men- 
tioned  in  his  report  on  submarine  miiieB,  and  ha<l  expressed  the  opinion 
that  fill's  ;rc*latine,  wlieji  freshly  prey>ared,  could  be  fired  in  projectiles 
from  riHed  jjuiis  without  any  danger.  The  Board  sii^tj^ested  tho  trial 
at  8andy  liook  of  a  few  ritte  projectiles  charged  with  the  gelatine.  On 
May  26,  1882,  this  letter  was  returned,  indorsed  "  approved,''  by  the 
Chief  of  Ordnance. 

On  ifoveinber  10, 1882,  a  letter  from  Commodore  Montgomery  Sicard, 
Chief  of  Bureau  of  Ordii;»Ti<  e,  Navv  Department,  was  referred  to  the 
Ordnance  Board  in  an  indorsement  by  Oliief  of  Ordnance,  United  States 
Army,  stating  that  "75  pounds  of  cxi)lo8ive  gelatine  had  been  ordered 
to  be  sent  to  the  Sandy  Hook  Proving  Ground." 

This  gelatine  was  delivered  at  Sandy  Hook  on  the  16th  of  March, 
1883.  The  Board,  having  been  ?i*>tifled  that  it  would  arrive  on  that 
day,  reaehed  the  Hook  about  one  hour  after  the  delivery  of  the  explo- 
sive, a.s  it  was  deemed  exi>edieut  to  commence  experiments  with  it  as 
soon  as  possible.  The  gelatine  was  found  to  be  ftosen,  and  so  hard 
that  it  conld  with  difficulty  be  penetrated  with  a  knife.  All  the  details 
of  the  experiments  with  it  are  given  in  the  accompany!!! ir  f\vh\^  record. 

In  a  letter  of  April  3, 1883,  from  Capt.  Thomas  O.  Seltrid^^e  to  the  pres- 
ident of  the  Board,  it  is  stated  that  this  gelatine  was  maile  ou  the  9th 
of  December,  1882,  and  that  its  composition  was  as  fbllows : 


It  will,  therefore,  be  seen  that  this  gelatine  was  over  tliree  months  old 
when  it  was  received  by  the  Board,  and  that  the  circumstances  attend- 
ing the  experiments  with  it  were  not  those  contemplated  by  the  Board 
otiginally.  For,  as  mentioned  al>ove,  General  AblN>t  stated  that  he  be- 
lieved it  would  be  entirely  safe  to  fire  it  in  shells  from  rifled  guns  when 
it  was  freshly  ]>repared. 

It  is,  uf  course,  underst»K>d  this  or  a  Kiiiiiiar  explosive  would  only  be 
used  in  time  of  actual  war.  In  so  far  as  the  specimen  tried  by  the 
Board  is  conoerned  it  was  shown  that,  althonffh  old,  it  possessed  irreat 
stabili^  and  was  ^ith  difflcnlty  detonated.  It  would  appear  that  the 
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detonation  is  more  jK'ifeet  when  the  j;elatine  is  exploded  in  a  solid  mass 
and  not  ont  op  into  dtripR  or  cubes.  A  shell  with  tbe  base  screwed  on 

could  be  readily  devised  to  contain  cylinders  of  this  gelatine  iVeshlj  pre- 
pared to  be  used  in  time  of  war. 

Finally,  it  is  respect t nil. \  suuijest^Ml  tliat  llm  Board  be  aiithurizcd  t<» 
prepare  a  small  quantity  ot  liiis  eoinjmuud  an <1  lire  it  iu  sbelb*  Iroui 
rifled  gons. 

T.  G.  BAYLOK, 
Oolanel  of  Oninancr,  Pre.\vhnt  of  the  Hoard, 
Giii).  W.  Mt;lvEE, 

Major  of  Ordnance, 
*  CUABLES  SHALER, 

Capiain  of  Ordnance* 
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On  January  18.si,  \  Ue  Board  wrote  the  Chief  of  Ordnance  stntinjcr 
that  General  Abbot,  United  StuteH  Engineers,  had  on  hand  a  quantity 
of  improved  explosive  gelatine,  and  requesting  that  authority  be  ob- 
taineo  from  tbe  Engineer  Bureao,  War  Jlepartmeut,  for  Genend  Abbot 
to  furnish  the  Board  with  50  pounds  of  that  explosive. 

Aiitliorify  having  been  granted,  experiments  were  conducted  at  Sandy 
Hook  on  February  20,  27,  anil  28,  and  March  8.  Full  details  are  given 
in  the  accompanying  tiring  records. 

The  explosive  geiatioe  was  maDafactnred  by  the  Nobel's  Explosive 
Oonipauy,  Glasgow,  Scot1an(i.  It  is  put  up  in  cartridgesftbOQt  3.l»  iaehes 
IT*  1('7!<rtli  by  O.iri  inch  in  diameter.  The  e.'ii  tri(lgp  paper  is  a  strong 
Vtlnlid  fabric  and  may  be  easily  detached  from  the  gelatine.  Each  car- 
tridge is  labeled  Dynamite.^  The  gelatine  is  of  the  consistency  of 
the  ordinary  fmit  pastes,  whieh  it  maeh  resembles  Id  appeaiBDca  It 
is  readily  out  with  a  knife,  and  may  be  torn  or  shredded  with  the  fingers. 
Heiipe  the  shells  w(»re  easily  loaded  n  iid  the  charges  mn«]o  vcrv  compact 
by  hand,  (rt  lu  ral  Abbot  informs  the  Boaiti  that  the  chemical  compo- 
sition of  t  iiin  trample  is  as  foilows: 

i'er  cent. 

Nit  r<>-i;1yc)n-ina  ..........................  9ft 

Kitro-cotton   8 

Too 

It  will  be  seen  that  there  is  00  camphor  present  here.   General  Ab' 

bot  '^itnto-  r\vA\  7  to  10  ]>f»roent.of  camphor  will  render  the  g(^latine  en- 
tirciy  ine.\|>losi\  and  that  the  Austriaus  caiuphorate  their  war  gelatine 
to  the  extent  ui  4  per  cent. 

On  February  27  one  shell  loaded  with  gelatine  having  been  fired  sao* 
oessfolly  from  a3  inch  muzzledoading  rifle,  it  was  thought  that  possibly 
tbe  fMom-Mure  explosions  might  be  due  to  heat  •reuern ted  by  the  angu- 
lar Nciocii  y  of  the  shells.  It  waK  therefore  determined  to  load  the  gel- 
atine into  wuoden  cases,  the  gelatine  being  very  compact  with  the  case 
and  revolving  with  it.  It  was  attempted  to  make  the  fHotlon  a  mini- 
niuiii  by  lubricating  the  case  with  paraffine  and  graphite. 

As  shown  in  the  records,  t!i<'  first  slioll  tlins  prep:ired  was  fired  suc- 
cvsslully  from  a  3.2-inch  breech  loadiiiji  ritle.  The  sholl  }>assed  through 
a  wooden  target  composed  of  2-inch  boards,  and  exploded  after  striking 
a  sceond  target  of  iron. 

In  the  second  shell  the  wooden  case  became  cracked  while  being  loaded. 
This  may  or  nniy  not  have  caused  the  premature  explosion. 

Tiifro  sf^(My»8  to  be  littlf  dnnbt  as  regards  the  third  shell  that  it  either 
broke  lixim  the  shock  of  liischarge  or  admitted  powder  gas,  thus  de- 
tonating l^e  gelatine  instantly  near  the  seat  of  charge. 

The  shells  used  in  the  trials  were  of  the  Batler  pattern  for  maszle- 
loaders  and  Hotchkiss  for  breech-loaders^  alteoEcd  in  the  best  manner 
possible  to  suit  the  occasion. 

As  detailed  in  the  records,  tiirce  shells  were  tiiH»d  with  fulminate  of 
mercury  fuzes.  The  fulminate  was  too  sensitive  to  stand  tbe  shock, 
and  it  was  fonnd  afterwards  that  the  gelatine  needed  no  detonator. 

Although  the  tests  made  were  few^it  wonld  nevertheless  appear  from 
them — 

1.  That  the  ^lielU  ex ploile  after  clearing  the  muzzle,  and  therefore 
the  detonation  of  the  gelatine  is  due  to  some  cause  other  than  the  shock 
of  discharge — ^very  possibly  the  heat  generated  by  angular  velocity. 

2.  This  is  corroborated  by  the  fact  that  one  shell  passed  through  a 
^•inch  board  target  without  explosion. 
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3.  T!h'  jx<»li»tino  used  in  tlieso  t«'sts  not  beiiifr  canipli<n;it»'<l  lenders  it 

prohabl*'  that  a  ft'itaiM  pen-i-iitagt*  of  camphor  added  would 
<iKtabiiMh  a  coiupoiiud  which  could  be  tired  succe^siully  in  a  specially 
«oiietrtieted  sbell. 

4.  The  gelatine  does  not  require  u  fozo  or  detonator  of  auy  kind. 

Ti,  Tt  is  believed  tlie^ilien  wliieh  destroyed  the  3.2-inch  breech-loading 
guu  broke  from  the  shock  of  discharge  or  admitMion  of  powder  gas,  aud 
tiius  detonated  the  gelatioe. 

T.  G.  BAYLOR, 
CoUmel  of  Ordnance,  Prmdent  of  the  Board, 
GEO.  W.  McKEE, 

Major  of  Ordnance* 
CHAKLES  SlIALER, 

Captain  of  Ordnum  e. 
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Sh*-!!  •■mj)tv  !ind  i>Iu;:i:wl  with  ■wonfi 
Sliellstrut  k  t^irypt  ti^-forc  bri'akinu  up 

Slall  luadfdwitli  J  iiouiid  s<»latint\  ukiii;: 
a  Ilotchkis^  fii/<  witliout  plun);er. 
ShfU  fxplodtMi  on  Mtrikinj;  t.irtjet.  A 
wad  of  ton  hiilf  fllliui;  a  3  inch  car- 
tridge bajj  w:i.s  intentoHed  between 
tthrll  nud  cartridge.  Ihn  Hholl  Htnick 
target  sideways,  prodnrini:  un  ;ii»pr*«- 
ciabU<  iudi>ntjition.  'I'lu  lt<-a>lHot'  ih<- 
shells  used  in  tbfHf  riniinlH  vtvre 
wrow***!  to  till-  IiimIv  lor  td*-  Nuke  of 
convenionro  in  iiitrocltu-in^  tin'  gela- 
tine. 

The  >:el:itini'  Mfii  kn  (in  piiper  wi .ijiju  r!*) 
wt  ic  loaded  in  tlie  xbell  ui*  ooinpar-tly 
»H  roilhi  be  done  by  hand,  and  the 
ii.  ad  of  the  ahoDwae  flDadwftli  cot- 
ton waate. 
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29.M1; 
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g 

J 

s 


Kind. 
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at  Stuu^  Hook,  N.  J.,  from  Februat  jf  )ir<  to  March  H,  lbtf4. 


c 

5d 


I  flpMbl  nuBArkt  about  each  Ar«,  •ooh  m 


in 


It 

!  = 


s 


i 

« 


•a 
a 


Bont  on 
Urftl 


Bttratotor 
DMkrmas- 


Ftradftt  Iron  Urjcet,  dinUnt  7U  yartla 
fklMtna^tOMCiirtaiii  if  iih<x;k  would 
•xpMoa  fel«tiD«i.  Shell  exploded  at 
or  near  masxlt}  uf  fan.  UatetiM 
packed  in  ithell  aa  cooqpMtljr  M  po»> 
aibl«  by  lianU.  PafMr  eoT«nD|{a  ro* 
movid  trttm  Aticka  of  upper  Uyora 
and  head  &U«d  with  ootloowaala.  A. 
tow  wad  waa  inaert«4  iMtWMB  bM» 
of  abot  and  owrtrtdgo. 
Find  •!  iron  torfet.  diatrai  TO  yarda 
from  gun,toaa«ertaUi  if  abwikof  flr> 
lag  would  explode  gelatliw.  Getatlae 
packed  in  an  inner  wooden  caae  aa 
Mnpaetly  aa  pooaible  bv  hand.  Pa- 
per coTennga  reattvadnMii  

upper  layera  aod  hMd  «f  akdl 
with  ootton  waata.  A  tow  wad 
inaeried  between  fkoe  of  abot  and 
cartridite.  The  inner  oaae  waa  of 
pine  wood  and  waa  ao  fitted  to  the 
carity  of  ahell  aa  to  admit  free  mo- 
tion within  it.  vWalla  of  cavity  and 
inside  and  out  (if  wooden  caae 
ameared  with  parafline  and  black 


lalifllBiaf 


Shell  paaaed  throagib 


Borat  iu  eun  All  that  part  of  (rnn  in 
rear  of  fniut  of  brovcli  i  woivn  wm 
thrown  titiiujurod  to  tlx  tLvar,  uud  thu 
reatof  tho  gun  wanbrokt-u  into  xixlariCe 
fratn»i'nt«.  Tho  cairia^o  was  dla- 
ni<)iintf«!,  both  wlieoU  entirely  di4- 
ahli-<|,  i  h(M>k!i  8pii'a<l  ontwanl  forward 
of  tli»>  Irout  tranwini  9u  iIi't;r.'«  H.  n  in 
forcioj;  cheek  and  trunnion  bod-piatea 


6191  OBD  15 
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The  Ordnanoe  Boaid  respectfully  sabmito  the  following  report  of  ito 

lnTe8tigatjuuH  up  to  date  iD  the  matter  of  liigh  explosives^  it  bcin^ 
tboaghfc  thAt  the  ox[)orionci'  atvfl  iufarrnation  thereby  attained  might  l>o 
of  8ervic<^  to  other8  iittciested  in  tin'  Hubject^and  that  it  might  possibly 
prevent  them  from  going  over  old  ground. 

The  Board  on  April  7, 1883,  forwarded  Ordnance  Board  Beport  ITo. 
6, 1883,  accompanied  by  firing  recordH,  giving  all  the  details  of  expert* 
nents  witli  ex|)k>sive  gelatine  fiiniiHhed  by  the  Navy  Deiiartmctit.  On 
March  15,  1884,  Orfljuuicc  lioani  Ite^wrt  No.  19,  188t,  wa.s  forwanied 
with  firing  reoordtii^  giving  details  of  the  experiments  up  to  that  time 
with  explosive  gelatine,  furnished  by  Colonel  Abbot,  of  the  United  States 
Omrpe  of  Engineers. 

On  Maroh  2U,  ISSi,  the  following  letter  was  Ibrwaided : 

III  tbefeportA  already  forwarded  of  the  expcrinaBte  made  at  Sandy  Hook  with  ex- 
ploHivr  f^fT  it!!!!'  it  h;l^^  betiii  shown  that  it  ift  {KMsiblo  to  fir<*  tliiw  componnd  snccojy?- 
iall>  trom  a,  nili'd  guu.  The  abells  oaed  were  uot  specially  deviHcil  t'ur  thin  uxplu«)ive, 
but  were  eaat'iroti  projuctilea,tesiD6(l  oat  in  some  iuHtanccH,  in  others  cut  in  twow 
am  to  form  a  (wrew-nead.  They  were,  consequently,  not  entirely  suited  for  tiia  pnr- 
poee,  but  the  results  fruin  such  improvised  material  are  at  least  eucourai^ing. 

Tliere  are  available  for  experimental  piirpo^vs  guns  which  h:ivf  r«N'4ciied  their  an- 
tioipAted  life  poriod  (in  the  eerYlce),  »Dd  others  which  have  been  iignred  in  the  ex- 
pmmentatioiw  dhoetod  to  be  loade  with  tbe  deTioee  of  varioas  Inventoni.  One  BAmsk 
■usle  loading  gun  at  Soody  Hook  is  so  injni  t  i^  ruul  woiiM  unswer  for  this  purpose. 

Tbe  experiments  wonld  not  be  very  ooetly,  and,  if  succeast'ul  entirely,  the  eoonuutu 

Cienniary  value  of  them  to  tbe  United  States  eertninly  wennnte  a  determined  and 
ir  trinl  in  this  direction. 

It  iH  reoomnieuded  that  *  epeoial  shell,  drawings  of  which  will  be  forwarded,  i>e 
eonatmctedy  and  ttiat  a  eettidn  quantity  of  oatupboratod  gelatine  be  obtalnod  from  the 

HoIk^I  Company. 

It  is  understood  that  t  li<^  Nuhel  gelatine  recently  used,  and  which  was  tired  saccesA- 
Iblly  in  two  shells,  wax  the  ordinary  blaeting  dynamite,  and  bad  no  oampbor' in  it. 
Its  ooinpositiou  has  been  uiven  in  the  report. 

The  Board  will  get  alfpoeidblo  information  from  Nobel  and  make  experinientii 
iiiK  to  tho  ciiinphortitiiiK  of  tijo  gelatine  on  band  with  as  little  delay  ae  possible, 
ef  which  you  will  be  promptly  notified. 

Thp  Bounl,  as  !i]iy>ctirH  from  thin  conimnijication.  reqiH  sfcfl  authority 
from  the  Chii^l"  of  Ordnuiice  to  have  Hpecial  ca.st  inm  s  i  k  h  shells  row- 
etructed.  Detailed  drawiugs  of  thedc  sbella  were  forwarded  Apt  li  7, 
1S84  Tlie  solid  head  was  screwed  oo,  bnt  the  object  was  eimply  to 
demonstrate  the  possibility  of  firiuf?  gelatine  from  a  ffun.  The  solid 
ho;ul  v.'oiild  hv]]}  to  show  what  penetrat  iou,  if  any,  could  l)e  obtained  in 
a  wroii^jht  iron  tar;r<^t  bt^foic*  the  ^jelatiue  was  detonated  by  concussion. 
This  ca;*t  irou  sbeU  was  necessarily  weak  at  tbe  screw  oircamfeitince. 
8hoald  this  experiment  be  saooessfiil  the  Board  proposed  to  design  a 
steel  shell  with  the  screw  at  the  base  and  ahead  oon.structed  in  the  best 
known  manner  for  penetration  into  armor-plates.  The  details  of  the 
tri  n]  s  with  these  8- inch  caet-iroD  screw  sheila  are  given  in  the  accompany- 
iugtirmg  records. 

They  were  safflciently  snooessfhl  to  warrant  the  Board  in  suggesting 
siz  steel  shells  to  be  made.  The  letters  and  drawings  there  anent  were 
Ibrwardcd  to  the  Ordoance  OiTio^  on  August  10,  18.H.f. 

The  Board  desirtvH  t^>  ntate  that  a  rubber  butVer,  suggested  by  Mr.  F. 
H.  Williams,  of  iSyracusef  N.  T.,  and  described  in  the  firing  reooril^, 
has  heretofore  been  used  in  these  trials,  but  it  is  believed  that  the  gel- 
atine may  qnite  probably  be  Aied  without  any  cnshion  whatever.  It  la 


Digitized  by  Google 


REFORT  Oi'  Tkiiu  CHlJiF  OF  OKDNANCE. 


227 


alto  lielieved  tlukt  paper  onw  for  containing  the  explosive  nwy  be  dia- 
pensetl  with.  The  (liapbra;rrm  at  ri<^bt  angles  (described  in  r64KMrdA)  iff 
tliOQi^kt  to  be  neoeaaftiy,  or  at  least  aafiByin  a  rifle  shell. 

T.  G.  BAYLOB, 
Colonel  ^  Ordmmee.  Pretident  of  iJke  BomiL 
GfEO.  W.  McKEB, 

Major  of  Ordium^ 
CHAELER  SHALER, 

Caj^tain  v/  Qrdnanee. 
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Record  of  Jiring  witk  d-iruA  muzzle-hading  rijie  Ko.  7,  B.  I., 


B&romster,  30.012; 

iio»uiif,4a. 


BMomstflr,  29.860 
tk«moaMtw,72.2 


^424 


•  425 


28.839  i 

hnmMltr.se. 


Btironiotwr.  29.970; 
t  hoi  iiioinft4>r,  ft.%1 
luuniditj,  83. 


Time. 


1884. 


JWM  18 


Jaly  8 


Baroinet«r,   29  "50;  ) 
aieniKu&et«r,72.2;  '^i26   Jaly  8 

iMNiidiiir»w. 


.427 


;418 


Joly  10 


i  I 


Do  Pont'fl  sphere 
hexiienfiaJK.  H.  B. 

Donnifj,  1.775; 
grmouUttoii,  Iti. 


Weight 


...do 


II  oinipty 
{   TuUl  weigbt. 


40 


48< 


■I 


Lbt.  Oz 


I 
4 

154 
US 


P:ipr<i  i"it/<<' filli-d  ...  t% 
Sh  oil  empty  with  cork^  133 
Kii1ib«r  S 
Cork 

5 

IW 


WeiKhtorsoIatine 
ToUl  w«ifii(ofalMUj 


P^wrCMa  empty  . . . 

Pap«r  rn««  flllra  

Shell  and  cork  

WeijEht  of  ffelatioe.. 
Total  weieht  of  «hell 
flU«d. 


Paper  cane  empty ... 
Paper  oMMflUad  .... 

Shell  Mid«ork  

Cork 


Sb«ll  «mpty 
8h«UflU«4  . 

Knbbfr.... 


6 
IM 


1 
< 

IM 


•a 

110  u 


157  7 

166  4 

8  13 

8  0 
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ol  Sandjf  Hook,  N.  J.Jrom  June  18  to  A^u9t  23, 1684. 


« 


I'9ttmd$  Fmt. 


} 


16 


14 


>  14 


1 


14 


It 

It 

|i" 


S7.0M 


26,  OM 


25,fi00< 


19.900 


22,000 


I  r 


{Prom  front 
andU-ft49», 
24  miles  an 
lioar. 


Fp»  <  ia!  rt  rnarkr*  ubont  each  fire,  sncli  am  tfTft'ton  piec*, 
aouud  of  projectile  In  ftigbt,  scMtterutg  of  fragmeuU, 


FnunMde- 


orda  en- 
tireljnn- 
NttAto. 


J&OO 


From  front 
and  left  870 

t  waOm  as 


From  front 
and  right  30. 
18  mtlea  an 
.hoar. 


ia9ijj2 
{  tow. 


rear 

i«aso. 


(  Gun  idouiiUmI  un  (Tadle. 
Shell  apt- cially  prepart-d  with detachablehead  tat 
explosive  ((elating,  coutaining  a  j>aper  caee  |> 
inch  thick  diviilr  <l  ]i)Uj;itu(liii»llv  ill  four  aec- 
tiouH  by  HiMHliii  partitinnK  ^  iri<  h  thick  intrr- 
aecting  «ta<;h  uthrr  at  ri;.'ht  :tii<:1i's  laundry 
Boap,  cat  into  ntrip!*  and  wriippixl  Lu  soft' paper 
in  imitation  ot' •'\|>l'iHtvr  (;t<littiiie,  wao  pacKod 
in  carefully  liv  hand,  and  thi-caHo  was  ttieo  in- 
aertiMl  into'  the  nhnll,  restiug  at  bottom  on  cot- 
ton waiit4*.  When  n  roverwl  and  examlcMl  the 
bi«»e  of  thu  paper  cane  was  found  cmsht-d  in  on 
one  side,  and  thoBiilc  wa«  uplit  in  one  jilar© 
longitudinally.  A 11 1  hi  -  w  o. h1.  ii  partititniM  »  ere 
broken  olT  where  attac  heil  to  naper  cftj»e.  The 
iHiapwas  i-otnpreMfied  only  to tueexteutof  mak- 
ing it  dithi  lilt  to  dintinguiah  and  aepanite  the 
Bticka.  A  hollow  rubber  buffer  1"  thu  k  (  ' 
long  and  «"  in  diameter,  Inaerted  between  the 
cliur^;*'  and  jirojec  tile,  WMMWMlinUjtMkMi 
np  at  the  diacharge. 

Shell  specially  prepared,  as  ia  roUDd  494,  with 

eper  caae  (so  Miivided  aa  before  Into  fonr  vflr> 
«1  seetiona  by  thin  wooden  dlaphrafEma,  ex- 
tending,  howoTor,  only  to  within  i  inoh  of 
bottom)  reating  on  cork,  filling  bottom  of  ahell 
cavity.  A  rubber  biifft  r  kah  alao  interposed 
between  cartridue  ami  utiell,  aa  in  round  424. 
T\if  iiit«-rior  of  ahell,  the  cork,  and  surfat  eH  of 
paper  1  ane  were  «-arefully  snieare<l  with  pluin- 
oa^o.  and  th.-  •■  x plosive  gelstine  filled  in  coni- 
pactlv  without  removing  paper  from  sticks. 
Small  wa<lH  of  waat«  were  placed  underneath 
and  above  the  gelatine.  Tne  shell  hurst  into 
small  fraj^ents  after  striking  target  The 
bead,  a  large  portion  of  which  wan  found  in 
Aront  of  target,  had  p.  u<'t^at<^d  to  a  depth  of 
about  7  inches,  leaving  a  fair  imnresnion.  on  the 
right  side  of  which  the  oulorl^plfttoOTlWgOO 
was  somewhat  cracked. 

treceding  roaadL 
iwereomittod 
.  le  paper  OM. 

waaaot  floated  wtthplambtfo.  Shell  mmtat 
or  near  mnasle  with  ao  little  eompamtiTa  tIo* 
lenee  that  large  pleoaa  of  the  wper  caae  the 
bottom  alnost  enure— were  picaed  ap  betwoea 
gun  and  target.  A  portion  of  the  base  of  ahell, 
carrying  about  two-thirds  of  the  sabot,  strock 
target-making  well-marked  indentation. 

Shell  specially  prepared  and  fired  aa  in  round  439, 
except  that  the  geUtine  in  each  partition  wa« 
covered  wRhpaateboarddiMM.  BMUboratiBM 
small  ftagmeuu  after  strikteff  ttWlOt,  atktaff 
pa— tmton  of  7  f 


9  2  Sb^prejMHMdMiiNdMinpreoei 
<4  °  eMa|ittM9tt»tMdtepartitMNMw 
^i?    aiSoitttto  iBlMfBrMrihoeorthc 


Shell  divided  into  4  longitodinal  sections  by 
diaphragms  of  sheet  copper  and  gelatine 
paoked  in  by  hand,  a 


p*d  of  ootton 
HidlOf. 
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MtFOMT  ON  TEE  LTMAK-EASKBLL  MULTIORARGB  GUN* 

Obdnajtcb  UmcB,  Wae  Depabtmxnt, 

WoMkingUm,  D,  €^  Jwm  14, 1884. 

The  hoDonibld  tbe  Sbokbtart  ov  Wae  : 

Snt :  I  have  the  honor  to  retani  herewith  letter  ftom  the  Hoiue  Odn- 
mittee  on  Military  Affaire,  iucloaiug  a  memorial  from  J.  B.  Haakell 
asking  for  m\  :n>!>ropriatioii  Ibr  the  oonstractioD  of  three  muttieharge 

guu8,  and  to  report : 

Attention  is  invited  to  the  inclosed  report  of  the  Urdnauce  Boai-d, 
to  whom'  these  papers  were  feferred. 

I  oonenr  with  tbe  conclusions  of  the  Board,  aa  expressed  in  their  stim- 
mary  statement  of  objections  to  the  rnnlticharpo-grnn  system. 

The  viM  v  great  weifjht  of  the  niulticharge  gun,  relatively  to  its  culi- 
berj  is  a  pi  unary  objection  to  the  system.  The  siugle-charge  giuis  of 
ordinary  type,  approziinating  to  it  in  weight,  are  of  9  and  10  inches 
caliber,  and  possess  an  absolute  piercing  power  of  from  one  and  one- 
half  to  two  'itid  one  li  ilf  tiints  that  of  the  niulticharge  gun,  without 
taking  into  account  the  much  larjjer  perforations  produced  by  the  larger 
0  and  li)  inch  prqjectiles.  The  total  energy — smoMhing  effect — imparted 
to  tbe  latter,  which  is  regarded  as  tiie  measnre  of  einet  against  AarJ 
armor,  is  from  two  and  one*half  to  three  and  one-half  times  that  of  the 
multicharge  gun. 

It  does  not  appear  probable  that  tlio  \veiy:ht  ot  tliis  jrun  can  l>e 
reduced  to  auyttking  like  that  of  a  single  loader  of  the  same  caliber. 
The  huge  protaberaneeSi  in  which  are  formed  tile  loading  pockets^  keep 
np  the  weight  of  the  breech  portion ;  whilst*  omMng  to  the  condition 
that  *'  instead  of  all  tbe  pressure  being  concentrated  in  the  breech  it  is 
evenly  distributed  along  tbe  bore,"  the  weight  of  tlie  f  ront  or  chase  por- 
tion Uiuut  be  kept  up  considerably  above  what  is  required  with  ordinary 
gnns. 

If  the  weight  of  the  6-inch  multicharge  gun  were  reduced  to  one-half 

its  present  weight,  it  would  still  V>e  three  timea  as  heavy  as  a  modern 
^*  inch  single  charr^-e  pun  ;  and  yet  tlie  ]K)wer  of  the  latter  has  nearly 
equaled  that  of  tbe  multicharge  gun,  and  with  a  saving  of  nearly  two- 
thirds  the  weight  of  the  powder  charge.  This  lea<l8  me  to  refer  to  a 
secondary,  bnt  not  unimportant,  objection,  namely,  the  wqmU  of  the  nse- 
ful  effect  of  tbe  powder  charge  with  the  multicharge  gun.  The  charge 
used  with  the  6-inch  rnultichnrfre  jjun.  on  whn-h  tlie  OrdTiance  Board 
and  Mr.  Haskell  have  based  their  conipariHOua,  was  10*J  pounds,  giving 
to  a  projectile  of  110  pounds  a  velocity  of  1,935  feet  for  a  pressure  on 
the  bore  of  23,600  pounds.  The  relative  ntilisatioo  of  the  charge  with 
the  6  inch  single-charge  guns  has  just  been  mentioned. 

To  take  another  instance:  the  Krupp  8J  inch  single-charge  gun.  of 
only  one  half  XhQ  weight  of  the  6-iuch  multicharge.  with  a  charge  of  99 
poundSfimpartstoits  projectileof  310  pounds,  au«lot  from  three  aud  one- ' 
half  to  four  and  one-half  calibers  length,  a  velocity  of  1,780  feet,  with  the 
moderate  pressore  on  the  bore  of  33,600  pounds— 15  tons.  This  gives 
a  piercing  power  for  the  d4-inch  gnu  of  nearly  one  and  three  quarteca 
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timea,  and  n  soiMbing  ef^t  of  nearly  two  and  one-balf  times,  that  of  the 
6-iDch  mnlticharge  gun^  whilst  the  energy  realiied  per  pound  of  pow<ler 
is  about  69  foot-ttms;  for  tbe  Krupp  gun,  and  only  27  foot  tons  for  the 
mnlticharge.  Thv  ^reiit  im^mivpinents  made  with  powders  within  the 
last  two  years — sui  shown  from  the  th  ing  records  of  European  gaus — 
render  it  very  probable  that  with  single  charge  guns  qnite  ae  finrorable 
average  results  will  be  obtained,  caliber  for  caliber,  as  with  tbe  nnilti- 
charge,  and  without  borrnwinfj  frorti  tlip  Tatter  any  of  its  objectionable 
features.  Even  shotiM  tlic  pressure  prove  to  be  hi^rher.  the  sinj^le- 
charge  gun  can  be  made  much  ihe  stronger  coustraction,  and  therefore 
ia  not  to  be  regarded  aa  any  the  lees  »afe, 

Tbe  objections  to  tbe  gnn  as  a  system  of  construction  and  aa  a  prac- 
ticable nn!i  for  the  service  are  fiurly  stated,  it  is  believed,  in  the  report 

of  the  Ordnance  Hoard. 

it  It  should  be  tliougbt  desirable  that  lurther  trinis  be  made  with  this 
aystem,  in  order  to  its  more  complete  development,  the  existing  G-inch 
mnlticharge  gun.  now  at  tbe  Proving  Ground,  Sandy  Hook,  fa  being 
pnt  in  a  Hcrviceable  condition  and  could  be  utiliased  for  that  pnipoee. 
Very  respeotfolly.  yonr  obedient  servant, 

i5.  V.  BEN^T, 
Brigadier- General,  Chief  of  Ordnance. 


Mepwt  t^H  thv  memorial  oj  J.  M.  Haskell  to  the  Houte  Commute  cm  Military  Jjfa&if  r^errttt 
l»  Ike  Ordnance  Board  fty     CkUfof  Ordnance,  daied  Jnne  4, 1884. 

The  poiutM  urged  in  the  memorlHl  are  principally  three,  which,  briefly  stated,  are : 

1.  A  claim  that  pxportmcnts  with  ;i  fl  inch  Lyman-Hft.-kell  mnlticharge ^un  weigh- 
iag  about  '-i^^  tons  have  giveu  renults  far  »npeiiur  to  tho^e  obtained  from  similar  guos 
of  sinplD  i-onHtraciiOfi»  the  hBoem  of  oonparisou  being  the  reeults  obtained  with  a 
Kmpp  &.d7-iiioli  gun  weigfaiog  3.8  tons,  and  an  AnDatrong  6>liii>h  gan  weighing  3.9 
tons. 

2.  That  if  the  above  claini  be  atlinittcd,  the  Govemineut  should  continue  the  ezperi- 
ment  by  appropriating  the  sum  of  |SK»0,U<)U  for  tbne  8-iuoh  mnltiobaige  gnns. 

H.  That  one  of  these  8-inoh  gnus  shonld  be  made  of  Atwood's  metsl. 

The  Oidn  ir  ri  T^nard  is  directed  to  hear  tin-  nH'niorialist  in  jiiTMin.  to  repoi't  OQ  th^ 

point*  made,  and  tu  express  an  opinion  as  to  the  advisability  of  recomm«udui|(  an 
ftpnropTlatkm* 

Till  t^niird  hw heard  Mr.  Haekdl  and  ocanvined  all  the  aeeompaoybig  papms  and 

drawiu|j(s. 

The  advantagea  eialtned  for  the  naltioharge  eyatem  of  gun  constraelioii  are  that 

a  mnch  great  or  encrfjy,  with  less  pressure  per  square  inch  on  tlui  horp  of  a  gun  and 
within  the  liiuita  of  isafety,  can  be  obtained  than  with  any  guu  of  ttm  same  caliber 
eanloying  only  a  single  charge  of  powder. 

An  analysis  of  the  practical  results  obtained  with  the  6*inch  roulticharge  at  Sandy 
Hook  and  of  the  construction  itself  are  the  only  guides  npon  which  the  Board  has  tu 
rely  iu  fonuing  its  opinion  a.s  to  whether  tho  advantages  olafmed  have  been  leoliaed 
and  ae  to  the  valae  of  this  sf  etem  of  gnu  oonstructiou. 

Thin  ieeme  to  he  no  donht  that  a  higher  enerji^  haii  been  obtained  with  this  gnu 
with  ita  eucceRsive  I'harm'CH  aud  with  moderate  and  nafer  piewuree  than  can  Veanli 
ftmn  any  gnn  of  the  same  caliber  using  only  one  charge. 

It  Mema,  however,  to  the  Board  that  a  proper  eomparlaon  of  this  system  with  the 
ainglo-ebargc  system  nhonld  be  iruide  witlj  gun"?  tif  like  weight,  and  for  this  pur- 
pose the  following  analysis  is  presented^  giving  the  tiata  obtained  with  this  6-inch 
gas  and  wlUi  othen : 
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These  two  giiM,  wlileb  giT«  ?«Ntlte  mhont  the  Mme  m  the  LjnM-HMk«U,  nd 
wci^h niiieh  iSm,  am  very  tiftrior  to  the  best  gons  of  » timiler  ^pe  uude  At  preeent, 

«.  g.: 


Odiber. 

1 

 i_  

InUial 
v«le«tty. 

Preuore 

■Tar* 

Total 

EnerfTT 
per  inch 
of  Hhot'a 

It  1     ma  1 



Pound*. 

m 

Pound*. 

Foot-tom. 

Henee,  simple  goosof  muoh  lees  weij(hfc  far  exoe^  the  results  obtained  with  the 
maltichftrgf'  gan  eo  Air  ee  It  hee  been  ezperimented  with. 
If  we  cotn)>ar(>  it  with  a  Bimple  gui  of  the  latest  type  appnaiiiiating nioie  nearly 

to  it  in  weight,  we  have: 
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Weight  of 
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Total 
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fWMOIM. 
11,  UB 

Footrlemt. 

In  these  gutiR  the  preRHuren  exceed  thoHe  in  the  Lyniaa-Haskeli  6>inoh,  bat  do  oot 
exeeed  thoee  gtiiitrally  considered  as  within  safe  limits. 

Hence,  ae  to  the  tirst  point,  the  Board  wonld  report  that  it  \»  fallacious  to  compare 
*  tt-iuoh  gaa  weigbins  25  tons  with  6-inch  guns  weighing  X'^  tons,  and  as  far  as  ex- 
periments hare  ^one  the  Lyman-Hsskell  6-inch  gun  is  greatly  inferior  to  Hieee  rim- 
pie  gnns  with  whicli  it  .should  proin-rly  ln^  cfHiipared. 

Aa  to  the  second  point,  it  is  thought  that  the  remarks  made  with  reference  to  the 
#-tBeh  gnn  wonld  apply  to  the  propoeed  steel  8*1neh  gnn,  as  the  latter  wonld  weigh 
Abont  as  mnch  as  a  modern  1'2-itu  li  ^irii^le-charge  steel  gun. 

As  to  the  third  poiut  the  Board  would  report  that  it  bae  no  snfflcient  data  to  decide 
as  to  whether  Atwood'b  metal  is  saitable  for  gnns,  and  further,  that  It  is  not  consid- 
ered jn(ii(  ion'4  to  use  an  nntrie<l  metal  in  the  constrtiction  of  large  gnns. 

It  is  admitted  that  the  <>-inch  gun  is  made  of  inferior  metal,  but  there  is  no  indica- 
tion that  a  diminution  of  weight  or  an  increase  of  strength  wonld  permit  this  pieoe  to 
eompare  favorably  with  simple  guns  of  the  same  weight. 

The  objections  to  the  system  may  be  summed  up  as  follows :  A  much  longer  and  more 
objectionable  length  of  gnn  for  the  same  calibir  than  the  single-charge  gun:  the 
necessity  of  using  difliereat  grades  of  powder  for  the  pockets,  thus  rendering  confusion 
nnd  aeeldent  llaole  In  action ;  the  much  greater  length  of  time  required  to  load  sneh 
a  gun;  the  irregular  cxt^'rior  Hurfact*  of  the  gnii.  making;  it  a  difficult  proldem  to 
miJce  a  suitable  carriage  for  it :  and  hnally,  the  much  greater  cost  of  construction 
ftom  ite  eomplieated  enaraeter  than  the  shagle-eharge  gnn. 

The  Board,  in  this  Htatement.  simply  presents  the  facts  in  flir  <  a^*'  An  analysis  of 
the  record,  exhibiting  the  actual  performance  of  the  gun,  shows  its  work,  its  capacity 
as  a  propulslTe  engine,  oomparsd  with  other  gnns,  by  the  rnlee  now  recognized  as 
standards  among  military  men  throughout  the  world.  A  reference  tothls  analysia 
will  show  the  gun's  status  accordingly. 

The  Board  bases  its  judgment  as  to  tlie]MnicticabiIity  and  efficiency  of  these  gnns 
mainly  upon  the  analysis  herewith  given,  and  finds  it  impoH'^iMe  to  express  the 
opinion  that  it  is  advisable  to  recommend  an  appropriation  for  tin  ir  constrtiction. 

The  Board  cannot  tiuish  this  report  without  giving  it«  earnest  testimony  us  to  ite 
l>elief  in  the  sincere  integrity  of  Mr.  J.  B.  Haskell,  and  expressing  its  admiration  for 
Ms  conrage  and  eocrgv.  Believing  thoronghly  in  the  principle  of  his  Invention,  he 
has,  nnaided  by  the  (Jovornrnent,  wrecke<l  his-fortnne  and  impoverished  himself  and 
jfiunily  in  his  efforts  to  provide  a  powerful  weapon  for  the  national  defense. 

He  stands  high  among  all  who  know  him,  and  no  higher  anywhere  than  with  the 
members  of  this  Boarrl.  who  iiave  for  yeais  watehed  hie  efemggles^  nnder  adverss  eir- 
comstances,  to  perfect  his  invention. 

T.  G.  BAYLOR, 
(kltomtl  ^  Ordnance,  Prtsidmi  of  the  Bomri. 

(;eo.  w.  mckke, 

Major  of  OrdnanM, 
CHARLES  SHALER, 

Captoht  9j  Ordaaaet. 
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If.  J.,  from  S^tembar  5  t«  September  20,  1883. 
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Jrom  Stftmher  5  to  SepUmber  90, 1883— Con  tin  aed. 
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copper  budbitiK  1  inch  long  iiuMtrt- 
ed  in  front  of  rent  in  oonaoqnanM 
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'I      rat  or  tu  cov^r  Joint,  a  thicker  on« 
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f  Tl.«'  »t  alM  for  cop'>«r  plugs  for  all 
the  pookutN  wearing  away,  the 
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Retard  of  jiring  with  i>-inch  muUicharge  gun  at 
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Saudjf  Hook,  y.  J.,  on  November  22, 1883. 


PreHsure  jm'  r 
squure  iucu  of 


Special  remarks  about  each  tire,  sucli  as  effect  ob  piece,  aoond 
ofyrolaolitolBr 


Tlie  following  Iota  of  powdar  haif 


received  for 


Hexagonal 


a 

1 


Spheto-hax. 
Da 


K.  A.  II. 
K.  B.  A. 
KU.  B. 
K<  'iL  A. 

K.  P. 

K.  CJ. 

K.  K. 

K.  S. 
K.D.B. 
KS.B. 


i$p«c.  gravity. 
1.785 
1.750 
1.  744 
1.790 
L770 
L795 
1.790 
1.730 
L7M 
L9M 


ef7 

123 

Through  0.5  on  0.8 
40 

Thnnuh  0.6  on  0.S 

123 

Thronsli      on  0.U 
O.UMI  0.1 


Before  flring  roond  32  a  new  steel  obtnrator  m.utt:  <if  a 
siDcle  piece  was  sabatitnted  for  that  preriouKly  u»edf 
an«r  new  atoel  plugs  for  loading-holes  were  nuppliea 
with  preasare  pluea,  similar  to  umm  al  tiM  pooMta. 

The  plugs  for  pockets  and  luading-kolM  wm  pattUOf 
clean  when  withdrawn  after  flrtng. 

After  roonda  82  and  38  gnn  opened  by  hand  aaaily. 
EscMe  €f  gas  on  lower  side  oi  obturator  daring  both 
rooniB.  After  round  33  a  crack  was  found  in  ateai 
tabe  e<Knmenoing  al  tiM  Biuala  and  estaodiac  to 
within  13  inchea«ftlM4lborllBrwaidpoelui.^faiP 
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Appeistdix  21. 


TltlAL  OF  AN  8-INCH  MUZZLE-LOADING  UIFLE,  LINED  WITH  A  STEEL 
TUBE  CONVERTED  FROM  A  lO-INCS  SMOOTH  BORE  RODMAN  GUN  BT 
THE  BOARD  FOB  TESTING  RIFLED  CANNON^  APPOINTED  UNDER  ACT 

OF  JULYb,  1884. 

The  trial  of  this  gun  by  the  Ordnance  Board,  U.  S.  A.,  was  directetl 
in  Ordnance  Office  letter  dated  May  17,  1884.  The  gun  w;is  trans- 
ferred by  that  Board  to  the  Board  for  Testing  Kided  Cauuuu,  &C.,'' 
by  first  iudorseuient  of  July  31,  1884,  upon  the  same  letter.  The  Ora- 
natioe  Board  had  flrod  the  pieoe  259  rounds  previoas  to  the  trangfer. 

This  gun  was  conrerted  from  a  10-incli  Rodman  smooth-bore  (JTo. 
113  \V.  i*.  F.)  by  lining  it  witli  a  tube  made  from  Midvale  o])en  hearth 
tst eel .  The  breach  cup  and  muzzle-collar  ai-e  both  of  Midvale  steel.  The 
collar  was  not  annealed. 

THE  TUBE. 

This  WHS  made  from  n  solid  forging  126.75  inches  lon^if,  and  14.5  inches 
in  diameter.   The  physical  properties*  of  the  metal  are  as  follows: 

Ttiuacity  (moan  of  3  tangential  speoimeiiB)  pounds  per  square  inch..  7U.  4U0 

Elongation  after  rupture....  percent..  22.6 

Contraction  of  aVM......  •1<>   30.2 

£la6tic  limit  poonda  per  aq^aare  inch..  J7.U00 

THB  BEEBCSH'OUP. 

This  was  made  from  a  solid  steel  cylinder  8.7  inches  long  and  8.65 
iu  diameter.* 

THE  VUZZLB-OOLZtAB. 

Thiis  was  made  from  a  hollow  cylinder  7.1  inches  in  length,  13/75  iuehes 
exterior,  and  11.22  inches  interior  diameter.* 

The  breeeh-cnp  and  mozsIe-coUar  were  taken  from  the  eame  ingot. 
The  foniHT  \va>  annealed. 

The  phyaioal  pioperties*  of  this  iogot  were  as  follows: 


Teoaottf  poniida  p«r  •qnare  Incb . 

BUnicawMi  after  rnptat*  per  cent. 

'  ......do... 


Tlie  tube  was  insert^^d  without  shrinkage,  a  ]»lay  of  0.005  inch  being 
allowed  between  the  exterior  diameter  of  the  tube  and  the  interior  diam- 


*lQlbciiuitloii  fimiahed  hj  inapeotor  af  oiduuioe,  Bocton,  Mms. 

M4 
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eter  of  the  casing.  The  tube  is  aeoured  to  tbe casing  by  the  mnzsle-GoUar 
aud  securiug-piu. 

BIFUNO.* 

Nmnber  of  erooTm  84 

Wi<Uh  of  ;:r..nv.s  uieh..  0. 

Depth  of  gKHives....  .do..    0.  0(>o 

Width  of  hui.lH  do..    0.  :t49 

Radius  of  lillt«t- bottom  of  lands  do. .    0.  075 

Lands  ruundtid  with  rudiuH  of   do..    U.  01 

Twist  oniAmii,  <»•  taxnr  hi....  Ibet..  SO 

m 

Vent  copper  boshed. 

A  gas-esoape  is  boxed  through  the  casiog  at  the  rear  end  of  the  tube. 

PRINCIPAL  DIMENSIONS.* 


Total  length  of  tube  iaehe*. 

TbickoeM  at  bottom  of  s(m1  cup  do. . 

Diameter  flniahed  tube  do. 

Diameter  bore  of  cacing   do.. 

Correapondiug  play  ..^  do.. 

TMi— tor  tabe  orar  neek  do.. 

iBtartordtametarttfrnimla-eallftr  do.. 

Comipoiidliiic  play  do  . 

Lenfth  of  bore  ...do.. 

Laagthofiifled  portion  of  bm*  ^do.. 

DtMnwteir  of  boro  oorooa  laada  'do.. 

Dlrtucie  of  oenter  of  frwrHf  to  ftwrtol  wtloof  twuBtfo—  do.. 

*  "liof  gun   .....pomdo. 

do.. 


i 

T 

I 


I 


120 
2. 
13 
13. 
0. 
IL 
11. 
0. 
117. 
1«L 
8 


75 

005! 
005 
6 
SOS 
005k 
S6 
75 


3 

a 


120.07 
2.75 
12.904 
12.900 
0.000 
11. 4» 
11.496 
0.004 
117.  SO 
101.85 
&014 

ti.a7 


.  by  ioHMotor  «f  ordaaaeob  V.  8.  A.,  Boaton,  Mom. 
.MaarlTTini. 


These  were  conducted  at  tbe  Orduauce  Proving  Grouuds  at  Saudy 
Hook,  N.  J. 

PROJECTILES. 

The  Uiitlcr  S  iiicli  j no ici- tiles  wore  used  tlir<>u;^liont  tlie  testti,  sinco 
the  8-iuch  wrouglit-iion  liued  guus  lieretoluie  made  hatl  been  proved 
and  fired  with  these  projectiles. 

POWDBKS. 

Do  Pont'8  hexagonal  powders  B.  V.  L.,  E.  V.  H.,  B.  V,  K.,  B.  V.  M., 

E.V.  N.,  density  1.7.10,  granulation  72:  Du  Pontes  sphero-hexagonal  L. 
C,  density  1.815,  frramilatioii  12.^,  and  JL  U.  0.,  density  1.775,  grana- 
latiou  123,  were  iiiwd  lor  the  iiiiugs. 

RESULTS  OF  FIRINO.  .  . 

The  details  of  tlio  firiiif;  will  he  Ibmid  in  the  firinjj  record  and  tahle 
of  enlargements  appended  and  foriuiug  part  of  this  report.  The  iuUow- 
ing  Table  I  shows  the  pressares  and  velocities  obtained  with  the  differ- 
ent charges  and  kinds  of  powder,  together  with  the  different  weights  of 
projectiles. 

*Iiilbnnfttioii  fttmiohed  by  the  inopeotor  of  ordnanoef  U.  8.  A.»  Boston,  Hum, 
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1. — J'ahlt  nhomng  prcMure*  and  relucilieii  oblamnl  with  >i-tacii  muzzU-loadmg  ryte  .Vo.  1, 
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Heui  pMMan  and  fttlMlty. 

(  rit  s-nix  abnonnahdiskhacdipral^- 
)    ably  L^O.OOO  poiuida. 
Mettn  pccMitve  omd  velocity. 
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(  and  velocity. 
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max  34. 400 
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1,354 


*OU|indootfle. 
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The  kind  and  oharges  of  powder,  nnmbei^  of  roonde  fired  with  each, 
the  maximniOy  miiiimiini,  and  mean  prasares  and  velodtleey  are  given 

in  Table  II. 

Tbe  enlargeuients  oH  bore  alter  iiriug  5uo  roujicU  are  given  lu  Table  XII. 


II. — ConuhtmiMie  tltoimiv  ckarget  ^fmti»t  number  of  rotmdt  fkni  ivM 

asek,  flMulaiKiiii  mtalaiiiM,  and  immi  pramirw  and  oelooittef. 


XTniuber 
of 

TOUZMla. 


<  Pr«Muro  p«r  square 
I        1iiflh«f  b 


Initial  Telocity  110  fe«t 
Item  iniiMl«h 


Pounds. 
2u 
25 
30 
30 
30 
35 
35 
40 
42 
42 
43 


2 

E.V.  L.  1 

2 

K.  V  ir.  1 

1 

H  V.  L.  ( 

1 

K.  V.  K. 

1 

K.  V.  M. 

11 

j:.  v.  n.  . 

la 

1 

E.  V.  M, 

1 

K.  V.  M, 

2 

E.  V.  M. 

a 

£.\r.M. 

% 

X.V.M. 

IClni- 


Px't/iih.  Pi  ri  n<I)t 
37,500  '  35,000 


32,750 
34,  000 


30, 250 
S2,000 


45 1  »,m 


I 


27,  500 
25.  500 


29,7'><i 
20,500 
Ok  MO 


Pu,,,}-.: 

36,200 
37,  000 
40,  500 
27,000 
30,500 
29,  30H 
29,  250 

30, 417 


mam. 

Fr,(. 

1, 2m 

1.313 

Mini-  ■ 

FMt. 

1.247  j 
1.300 

1,388 

!,:{«« 

1,354 
1,309 

1,396 
1,308 
1,4M 

1,393 
1.382  . 
It  Ml  . 

CRUSHER  GAUGE, 


Feet. 

1,257 

1,307 

1, 335 

1,362 

1,280 

1.367 

1.305 

1.356 

1.397 

1 ,  :^;>/i 

1,391 


HfSLiiiiiMial. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do. 
Iio. 
Bo. 
D9. 


I 

L.O. 

» 

s 

I-C. 

40 

K,  S,  C 

8S 

1 

B.V.M. 

42 

1 

8b  'v^>  sftp 

48 

• 

S.T.M. 

46 

21,900 
3«,  400 


ai,aiio 


21, 600 
28,500 


18, 100+ 
21,750 
30,558 
29b  400 
SO.  800 


I 


1,255 
1.408 



1. 248 
1,325 

1.0 

1,880 

1, 252 
1,378 
1,385 
1,389 
1,807 


8pbero-hex*gaul. 
Do. 
Do. 


Do: 
Do. 


IIL^MIe  thmltig  enlargmmt     hon  4^Ut  800  twiMub,  oo  tftomi    Afar  #mv4^ 


■i  ! 

M 

s 


I 


101 
100 
90 
98 
97 
90 
95 
94 
03 


80 

8- 

e: 

S<i 

84 
88 


Inches. 
8. 022 
a  022 
8.  022 
8.  022 
8.022 
8.022 
8w  022 

a.  022 

8.022 


98  a092 
n  8.022 

00  8L021' 

8.  022 
-  (>21 

112.1 

8.  021 

6.m 


ft 

cm 


Inches. 

8.  or.0 

8.049 
8.  049 
8.049 
8.048 
8.  049 
a  049 
8.050 
&058 

I  &064 
I  6L064 

8.  050 
8.051 
8,050 

8.  (KV> 

'  »,  (t4o 
I  8.047 
'  8.047 


Inches. 

-f  0.  028 
.027 
.027 
.027 
,026 
.«27 
.027 
.028 
.031 

.032 
.082 


(  Maziiniim  about 
20  llieliM  fiNmi 
bottom  of  bore. 


.ft2M 

.029 
.020 
029 
.  ()•«» 
.027  ; 
.020  J 
.U28  ' 


s 


-a 

a 


* 

B 
3 

s 

o 

c 


i  I 


B 

c 

9 


SB 

!  I 


Inches. 

Inrhes. 

Inches. 

82 

8.  021 

a  046 

-f  0.025 

81 

8.021 

a  044 

.023 

80 

8.021 

a  044 

.023 

78 

8.  021 

8,o:w 

.017 

76 

H.  021 

au3« 

.01.'. 

74 

8.021 

8.  a{4 

.013 

72 

8.  lyjl 

a  030 

.009 

70 

8.021 

8.  02X 

.007 

68 

H.021 

a  027 

.006 

66 

8.  020 

aoi5 

.005 

64 

8.  020 

8,  024 

.  in4 

62 

8.  020 

a  023 

.  w^ 

60 

8.0l» 

8.  0.'3 

.  or.  ) 

58 

a  019 

8.  fl*."! 

.  1 M I  t 

r)6 

8.018 

.  isi7 

54 

8.  019 

.  I  Ml  't 

52 

a  019 

f^, 

.  (liH 

50 

a  019 

a  o.i.i 

.  IHtl 

48 

a  019 

a  021 

.  fiij 

40 

&018 

8.021 

.003 

37.88 
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III.— 2W^2«  $k9wimg  mlargemmtt  <tf  tore  ^fkr  600  r&imd»,  #e.^-€oiitiiiii«d. 


M 

N 

i 


C 

a 


44 
42 
40 
38 
89 
84 
82 

ao 

18 
98 
M 


•5 


Tnches. 
».  018 
8.018 
8.018 
8.017 
&017 
8.016 
8.010 
&016 
&01« 

&oie 

8.016 


Inches. 
8.020 
8.020 
&019 
8.010 
a  018 
a  018 

a  018 
a  017 

8.017 
&917 
&017 
&017 


a 

o 

S 

« 


a 


-fO.  002 
.  002 
I  .001 


.001 

.002 
.002 
.001 
.001 
.001 
.001 

•on 


H 

•a 
a 

a 

a 


20 
18 
16 
14 
12 
10 
8 
6 
.4 
S 
1 


s 


a 

T 
O 


Inehe$. 

8.016 
a  015 

a  Oil 
a  012 
a  012 
a  013 
a  013 
a  013 
a  018 

&0U 
<LtU 


a 
a 


6 

a 


I  "3 


Inch*9. 

a  016 
a  016 
a  016 
a  015 
a  015 
a  014 
a  014 
aou 

&014 

aoi« 


Jnchet. 
-  .002 
+  .001 
.005 
.003 
.003 
.001 
.001 
.001 
.601 

.on 


TTsing  the  Kodman  gange  for  indicating  pressures  the  E.  Y.  L.  powder 
gnvp  moderate  pre88ure.«i  bnt  low  velocities;  the  E.  V.  II.  powder  gaV6 
high  pressures  and  rather  low  velocities  wilh  25  pound  eliai'^es. 

With  30-pouiid  charges  E.  V.  L.  and  E.  Y.  K.  gave  high  pressures, 
wbile  B.  Y.  M.  gare  in<>derfite  pressoren  Mid  low  Tdocity* 

With  35-pound  charges  E.  Y.  aod  £.  Y.  M.  gave  prauorea  be- 
tween 25,500  pounds  and  34,000  ponnds,  and  velocities  aTeraging  abont 
1,365  feet. 

With  40  pounds  E.  Y.  M.  showed  uo  advantage  over  3d-poaud  charge, 
judging  from  a  single  ronnd. 

Fort3 -t  wo  pounds  B.  Y.   .  gave  30,000  pounds  pressnre,  and  a  velocity 

of  1,395  feet;  43  pounds  showed  a  little  higher  pressnre  and  a  less 
velocity;  and  45  pounds  exceeded  the  desired  limit  of  32,(K)0  pounds, 
«ving  over  33,000  pounils  jjressure,  but  showed  an  increase  of  velocity. 
Taking  the  pressores  with  the  Orosher  gdiige  the  L.  G.  sphero-hex- 
agonal  gave  very  low  pressures  and  velocities,  while  K.  H.  0.  spbexo* 
hexagonal  with  35-pound  charges  gave  a  mean  velocity  of  1,378  feet, 
with  an  average  pressure  of  30,558  pounds  per  square  inch,  comyvirinc;: 
favorably  with  45  pound  charges  of  E.  Y.  M.,  which  gave  an  average 
pressure  of  28,807  pounds. 

Thus,  35  pounds  of  £.  H.  O.  sphero-hezagonal  has  about  the  same 
ballistic  power  as  45  pounds  of  E.  Y.  M.,  giving  about  the  same  veloo- 
ities,  h\\\  witli  <li'_!}itly  increased  pressures. 

At  tiie  cii(i  oi  tile  320ih  round,  the  copper  veut-bushiug  was  removed 
and  a  new  one  inserted. 

The  gun  was  stiUsembeable  after  firing  500  rounds. 

ENLARGEMENTS  OP  BOHB. 

In  order  to  compare  the  enlargements  of  thi^  .steel-tubed  gun  with 
those  of  tiie  same  caliber  lined  with  coiled  wrought  iron  tubeSf  'thedata 
of  the  following  mnssle-loading  guns  all  lined  with  coiled  wrought-iion 

tubes  were  availab'r,*  viz: 
8-iucb  rifle  Ho.  1  (ei^perimeutal)  muzzle  insertion. 

*  Inforinuticm  in  regard,  to  thaae  gang  was  ftomtshod  by  tlie  r«oordsof  the  OrdsMUs* 
Board,  U.  &  A. 
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8  inch  riile  No.  5  (experiniLntal)  muzzle  iiisertioD. 
8-ioch  rifle  Xo.  1,  breech  LiiHertioD. 

Hie  fldlowiug  Table  IV  Bhoira  tbd  zonee  of  miudniiuii  enlargements 
for  eaoh  of  the  fear  gone.  The  records  are  taken  from  the  Star-gaag- 

ings  as  near  500  rounds  as  was  possible.  It  muM  be  remembered  that 
these  enlartreiiH'nts  are  affected  by  the  greater  or  play  between  the 
ca«iug  and  tube,  ihe  Boartl  has  not  the  data  in  regard  to  the  play  at 
band,  except  iu  the  case  of  the  gun  liued  with  the  Midrale  steel  tabe, 
which  was  0l006  inch,  and  which  is,  at  least,  as  low  a  limit  as  can  be 
used  in  manufacture.'  This  table  of  comparisons  shows  that  the  max- 
imum enlargements  of  the  ste«*l  tub*'  nve  less  and  more  uniform  than  in 
either  of  the  two  wrought-iron  tubei»,  muzzle  insertion,  and,  though  ex- 
ceeding those  of  the  breech-insertion  tube,  they  occur  more  uniformly: 


96. 
86. 
M. 

9a 

9? 

H7 

m. 


S-lneli  Ttlle  Na  1 

(experiment^]), 
wTUQicht-iroo 

911 


8>ilieli  rifle  Fo.  5 
(experinieutal), 
wrouuht'irun 
«ab«,M.L. 


0-037 
.040* 
.036 
.035 
.037 


.0S8 
.«» 
.«S8 


.0V4 

.024 

.030* 

.029 

.028 

.027 

.  (n:t 

.036 
.025 
.OIB 


8-incb  rifle  Ko.  1, ,  i^iucti  ritl.  No.  1, 
wrought-lroD    |   MidiaN'  Mnel 


tabe,&L, 


(I.  013 
.  O'JO 
.024* 
.023 
.024* 
.024* 
.933 


tobe,  M.  1., 


.018 
.018 


Ineht$. 

0.027 
.OKT 
.028 

.om 

.0jt2* 
.082* 

.028 

.  O'jy 

.ui» 

.020 
.029 


*  MAzimtun  enUrjrenieaU. 
OPINION. 

This  f;nn  has  on  sereral  oeensious  been  fired  at  the  rate  of  from  20  to 
30  rounds  an  hour.  On  onv  day.  August  14,  as  shown  by  the  aceom- 
panyiug  liring  records,  80  rounds  were  tired,  iu  two  series  of  40  rounds 
eaob.  at  the  rate  of  20  rounds  an  honr.  The  Board  is,  therefore,  of  the 
opinion  that  this  gun  has  endured  '^such  rapid  firing  as  a  like  gun 
would  be  likely  to  be  snhit cted  to  in  actual  liattle,^  and  that  it  com- 
pares  favorablv  with  8  inch  lined  guns  heretofore  made.  ThereforOi 
the  Board  considers  its  test  satisfactory. 

T.  G.  BAYLOB, 
Oohn^  of  (MnancCy  Presiiloit  of  the  Board, 
P.  H.  PARKER, 
'  Major  of  Orthmnoe, 

Captain  of  Ordmanoe, 
D.  A.  LYLK, 

Captain  of  Ordnance, 

I  concur  in  the  above  report  and  opinion  of  the  Board  in  every  respect 
except  that  w]ii<  h  relaten  to  the  eomparison  of  this  gun  with  H  inch 
lined  irnn.s  h«M»'totori'  nia<le.  This  tube  htis  done  well,  but  such  a  com- 
parison is  not,  in  my  opinion,  called  for  by  the  law,  or  germane  to  the 
intent  of  this  inquiry. 

GEO.  W.  McKEB, 
M«i^  of  Ordnanoe. 
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PROdRESS  REPORT  OF  TUIALS  OF  A  3.'^/AX'H  &TEEL  FIELD  GUN  BY 
THE  B<).M!l>  FdH  TESTISQ  RIFLED  CANSON,  APPOINTED  UNDER  THE 
ACT  OF  JULY  a,  im. 

(1  plate.) 

Thifi  crini  'was  trausferred  by  the  Ordiiimce  iioanl  to  the  Hoard  for 
Testing  iiided  Oauuon,  &c.,  August  1,  lf»84,  after  it  had  been  lired  00 
roQDds. 

For  a  description  of  the  gun  the  Board  would  refer  to  construotion 
r«  |UTT>t  froTTi  WatertowQ  Arsenal  and  to  Keport  No.  26  of  tho  Ofdnanoe 

Board  lor  1SS4. 

The  i'ullovviiig  summary  of  the  first  60  rauudn^  giving  mean  pressure, 
Telocity,  &g.,  ^witli  dj-ponnd  charges^  is  taken  from  Ordnance  Board 
port  above  referred  to : 


Initial  velooitji. 

,  Presaure. 

Totiri. 

1  ^nareincb 

ttOD. 

PtT  jHIIUlll  llf 

l>uwtli<r. 

Per  pound 
weight  of 
piece. 

I'.-r  (•••ut 

I'UiiliZtMl. 

Air. 

%06 

AtfMOM.  1  JlMC4MHr. 

Ml.  so   !  tkm 

1 

can 

78 

'IfauioriSioaiidB.  flfMiiiifS6raaiid& 


Since  cominpf  into  t!ie  handR  of  this  Board  the  fpku  bas  been  fired  184 
rounds,  niakiuj;  a  total  of  U41:  ronnd.^. 

Of  tlie  184  rounds  156  were  tired  into  the  sand  butt,  2  weie  hred  over 
water  for  exhibition  in  presence  of  Ordnance  Oommittee  of  Congrees,  1 
was  a  flighting  sbot  at  mile  target,  and  25  at  1-inoh  mile  target  for 
accnracy. 

This  target  \ra«  20  by  40  feet,  made  of  spruoe  boards  i  inch  Uiiok| 
and  is  hereto  appended. 

The  resnlts  of  firing  for  aoonracy  with  3.5-poaDd  ehargea  of  1.  K. 
powder  with  13-poand  projeotilea  were  as  follows  for  25  rounds  (75  to 


99,  indnsiTe) : 

Feet; 

Mean  vertical  deviation   3.63 

MtMii  horizontal  devUktlotl    ....  ....  'J. 

Mean  deviation  4. 26 


877 
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For  pressure  and  yelodtgr  with  3.5-ponsd  cbarges  and  Id-pound  pio- 

jeetilra: 


UTiinlMir  of  nnui^t. 


of 6  Tonodt . 

Do  


Telocity  100  fc«t 
from  DiiLule. 


:i 


],«05 


PreMurc  per 
square  iocli. 


27.  37-, 
29,950 


Using  De  fiange  check. 


One  romii!  f'JOlst)  was  fire«l  with  4..j  iiounds  K.  V.  powder  (tlen?5Tty 
1.755;  grauulauori  2i>0),  giviug  1,712  feet  velocity  and  33,500  poiuidb 
pressure ;  one  round  (204th),  fired  with  3.6  pounds  K.  V.  powder,  gave 
1,518  feet  velocity  and  25,400  pounds  pressure.  Another  round  (202d), 
tired  wiOt  .1  pounds  I.  K.  D.  powder,  gave  1,686  feet  velocity  and 
29,100  pounds  pressure. 

The  gun  was  star  gauged  after  the  5tb,  Orb,  lOtli,  23d,  33d,  and  (AHh 
rounds  by  the  Ordnance  Board,  and  after  the  70tb,  100th,  132d,  152d, 
200th,  and  244 tli  rounds  b.y  this  Board. 

After  the  lOOtli  round  tlie  Frevn-  irnschcrk  was  rew;it(Ml  and  slightly 
luoditied,  from  wiiich'time  it  actod  perfectly,  op<  rating  easily  and  pre- 
veutiug  all  escape  of  gaii.  The  De  Bauge  gas  check  preveute^l  the  escape 
of  gas  without  fkflure,  bnt  from  fmperftet  eonstrnction  did  not  operate 
easily. 

The  firiiifi:  records  to  include  the  Jl  Ith  round,  and  the  table  of  enlarge* 
ments  ai^e  appcmied  hereto,  forniin^r  i)art  ol  this  report. 

The  3.2-iuch  ^teei  gun  has  sustained  the  firing  to  the  present  time 
without  any  apparent  ii\jury  or  deterioration  whatever. 

T.  G.  BAYLOll, 
Colonel  of  Ordnance,  Prendent  of  the  Board, 
F.  H.  PARKER, 

Major  of  Ordnance, 
GEO.  W.  McKEE, 

Major  of  Ordnamce* 
CHARLES  8HALER, 

Captain  of  Ordnaaee. 
D.  A.  LYLE, 

Captain  of  Ordnance. 
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€U  Sandg  Hook,  N  J.,  from  August  1  to  Ortoher  21, Coutiaued. 
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TKUL  OF  H.  F.  MiXN^S  U-INCH  BREECH  LOADING  RIFLED  CANNON^  BY 
THE  BOARD  FOB  TX8TUfa  RIFLED  CANNON,  AJPPOUITED  UNDEB  ACT 
OF  JULY  1684. 

(6  plates.) 

Tilis  rifle  was  tnuisferteil  to  the  Board  for  testing  by  Ordnance  Qfilod 
letter  of  July  31, 

For  detailed  deaer!t>tion  and  dimensions  of  tlie  gnn  the  Board  would 
refer  to  the  construction  and  inspection  reports  made  by  the  inspector 

of  ordnancp,  V.  S.  A.,  at  Boston,  Mass. 

The  puTi  is  convertiul  from  a  I'^incli  Ho<lman  smooth-bore  gun  by 
liniug  witii  a  steel  tube  aud  sbruikuig  on  a  steel  jacket.  The  breech 
mechanism  consists  essentially  of  a  cast-iron  breech-block,  held  in  posi- 
tion  by  a  transom,  breech-sci-('w,  and  side  straps,  for  transmitting  the 
pressure  to  the  trunnions.  The  tube,  jaoketi  breeoh-sorew,  ttaosom, 
and  side  straps  arc  a]]  nf  Whitworth  steel. 

A  drawing  of  ihc  gnu  is  ^iven  iu  Plate  I. 

Two  photographs  are  inclosed  with  the  report,  one  giving  a  view  of 
the  Mann  gan  jnst  after  rapture,  and  fhe  other  a  view  of  the  ftactared 
pieces. 

OABBIAOB. 

The  earriapre  needs  un  special  inc  iiiiou,  as  it  was  oripfinally  a  15-inch 
gun  cainage  altered  for  tiie  uiulLickaige  gun,  and  later  adapted  for  use 
with  the  ^5-inch  Mann  breech-loading  rifle. 

PBOJSOTILBB. 

Thf'sc*  were  made  niKior  contract  with  tlie  dopartmciit  at  Pittsburgh, 
I'a.,  iruiii  the  design  and  under  the  direction  of  Mr.  Maun.  There  were 
three  kinds  of  these  projectiles,  claesifled  according  to  the  banding. 
Bach  projectile  has  two  composition  bauds  upon  the  cylindrical  body- 
one  in  front,  and  the  other  in  roar  of  the  eenter  of  ;::ravity,  cast  into 
doable  dovetailed  grooves  and  then  tamed  to  proper  sixe. 

CLASSIFICATION,  ETC 

No.1,  marV^d  1  on  1>»^«*  

No.  'i,  marked  2  on  liase  

No.a»  fuarkad Son  bMe  

Total nomber of  iJiujectilM  
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COMPOfilTiON  OF  BAHDA. 

No.  1.  CompoHitioQ  of  alloy : 

Lead  •«.••..........  65i.4 

Tin  3a.  0 

Copper   ,  l.G 

Ko.2.  Ci'nipnbifioQ  of  alloy  unknown.  ItwMgiTanb7lfr.lCtanMlfMnfieId  AOo^'» 
B»bbiumet«L  . 

Per  o«Qt. 

Ho.  3.  Compodtioiiof  nUoje 

Lead   .   75 

Tin  16 

Cnpp<>r   2.5 

Antimony   .... ......  ••••••  •...«•  .  7.& 

These  pntNotfles  aie  all  of  the  same  form,  oylindro  ogiyalt  and  about 
the  same  weight,  all  ooming  within  the  iDspection  limits. 

COPPKK  BANDS. 

After  the  12th  round  a  solid  eopper  hand  was  snbstltated  Ihr  the 

rear  band  of  soft  alloy. 

For  live  roiHidn  {15th  to  lOtb,  both  inclusive)  a  V-sliaptMl  prroove  was 
turned  iu  the  copper  baud;  lor  the  20th  round  a  trapezoidal  groove  waif 
snbHtitnted,  and  for  the  2l8t  the  same  groove,  with  the  addition  <^  a 
bevel  on  the  rear  of  the  hand.  The  deep  trajpesoidal  groove  was  em- 
ploy ed  in  the  last  three  rounds.  In  all  the  copper-banded  projectiles 
the  trout  band  of  oompofiilion  metal  was  turned  down  even  with  the 
surface  of  the  shot. 

FOWDSB. 

Twenty-three  rounds  (Kos.  1  to  23,  both  InelnsiTe)  were  fired  with 

Dn  Pout's  "  I.  C.''  sphero-hexagonal  jiowder,  density  =  1.815  and  gran- 
ulation 123.  The  24th  and  last  ronnd  was  fired  with  l)u  Font's  '♦JBu 
£L  Q."  sphero-hexagonal  powder,  densitj  =  1.775,  granulation  123. 

OAS-OHECOL 

There  were  ikm  kinds  of  gas-ehecks  snbmitted  with  ilie  gun,  the 
fiyrm  being  the  same  in  all: 


Ho.  1,  made  of    Butler  sabot  metal,"  unmarked  .  10 

Ko. St  mndtt of  phosphor  brooM,  marked  "B"  •••••  ••••  .....  6 

Ho.  8»  made  of  phoajrbor  l>roiiio»  mwkad  "B"....   5 

Totrf   flO 

The  form  and  dimensious  of  the  gas-check  are  shown  iu  Plate  IL 


These  were  condnoted  at  the  Oidnanoe  Proving  Oronnds  at  Sandy 
Hook,  ^.  J. 

BBSULTS  OF  FIBIHCI. 

The  details  of  the  firing  will  be  Arand  in  the  firing  record,  table  of 
enlargements  of  bore,  and  of  chamber  between  8th  and  24th  rounds, 
appended,  and  forming  part  of  this  report 
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The  following  table,  I,  bIiowb  tbe  pressures  and  velocities  obtained 
-with  the  diffmnt  obarges  and  kiods  of  povder,  together  with  the  dif* 
fiarent  weights  of  projectiles : 

I. — Tabic  thawing  kiHtU  and  leeighU  o/powdeTf  projectilM.velocitietj  and  pn$$urei  obtained 
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BVMMABT  OF  XXnBBXKSNTS. 

On  coTisiiUation  with  Mr.  Mann  tlie  Board  dotenuined  upon  a  pre- 
lioiiuary  pru^rauiuie  given  below,  wLicii  was  submitted  to  Mr.  Mann  and 
epptoved  him. 

IVGun  to  be  flred  two  rounds  with  each  of  the  following  charges  of 
powder,  vis,  20,  25, 30,  and  35  pounds  L.  0.  sphero-hezagonal,  the  pio- 

gramme  to  be  raodifieu  at  any  time  if  deemed  necessary. 

The  above  oi^'lit  rounds  were  fired,  the  gun  washed  and  star  fjauf^cd, 
Tbe  soft  compo{>itiou  bauds  having  stripped  and  failed  to  give  proper 
rotatiou  of  tbe  shot,  it  was  decided  to  try  two  rounds  each  with  Nos.  2 
and  3  projectiles,  using  36-poaud  charges  of  the  same  powder,  to  see  if 
their  b;iu<ls  would  produce  proper  rotation.  This  programme  being 
subtnittfd  to  Mr.  Mann  and  being  agreed  to  by  him,  the  shots  were 
^ed,  and  showed  the  same  defects  as  No.  1. 


Digitized  by  Google 


296 


REPORT  OP  THE  CHIEF  OF  OBONANOB. 


After  consultution  with  Mr.  Mann,  and  with  his  assent  and  ^proval, 

tlie  Board  (IfH-ided  to  substitute  solid  copper  bands  for  tlie  eomposition 
mftal;  the  leiir  bands  were  t)i«'ii  rep1ac<Hl  by  solid  eoiiptT  bands,  the 
forward  bauds  being  turned  oti  tiusb  with  the  jjurlace  the  projectilei 
mme  of  tbese  having  a  oentral  groove  oat  in  them,  as  suggested  by  Mr. 
Maun. 

Tlie  pressures  obtained  with  the  35  pound  cliar^^es  bein<4-  deemed  too 
low  to  proj)erIy  test  the  lueehaniani,  the  Board,  with  the  apjtrovwl  of  Mr. 
Mann,  decided  to  use  3?  pound  charges  with  tiie  sobd  copper-banded 
projectiles. 

Two  roQuds  (13th  and  14th)  were  fired  with  this  oharge. 

There  being  a  considerable  flow  of  copper  to  the  rear  the  Board  then 
continued  the  firiujj:  witli  the  same  eliar^e,  usiiijj^  the  eentrsil  p;roove  sng'- 
gested  b^'  Mr.  Mann.  The  grooved  baud  showed  little  advantage  over 
the  solid  bauds  without  groove,  but  its  use  was  continued  to  the  eud  of 
the  firing. 

The  removal  of  the  forward  band,  after  the  substitution  of  the  copper 
rear  band,  jiernntted  the  ]>rojectile  to  be  ins«»rted  further  into  the  bore, 
iucreHsin<r  the  powder-chamber  bo  as  to  admit  a  charge  of  about  41.5 
poundti  01  powder. 

The  pressnies  being  still  very  low,  upon  consnltiDg  Mr.  Mann  he  aa- 
sented  to  the  proposition  to  ose  40  pounds  of  L.  C.  powder.  Two 
rounds  were  fin'd  with  this  charpfe,  Tlie  velocities  and  presstin*  ob- 
tained did  not  ditler  mati  rialiy  from  those  obtained  with  37  poinids, 
being  slightly  greater;  autl  as  a  considerable  quantity  of  powder  wa:» 
blown  out  nnconsnmed  it  was  decided,  with  Mr.  Mann's  assent,  to 
change  the  powder,  and  to  return  to  a  37-pound  charge,  at  least  fur  the 
first  few  routiils. 

^Tfie  Board  selected  Dn  Pout's  K.  H.  C.  sphero-hexagoual  powder, 
density  1.775,  granulation  123,  as  one  that  had  been  fully  tested  in  the 
8  inch  M.  L.  gun,  steel  lined  M.  1.,  and  had  been  found  to  give  fair 
velocities  witb  moderate  pressures^  the  latter  having  averaged  from 
2i),000  to  32,000  ])oun<l8  per  square  inch  with  a  minimum  of  26,6o0  and 
a  niaxinmni  of  .UrlOO  for  o5  ]>omid  eliar;jes,  nsin*^'  projectiles  of  alwut 
i)()un(is  wciuht  witiinur  air  sjjace  lieiween  i)ruj('i  tit«'  and  cartridge. 

Tlie  24th  round  wa.s  lireil  with  37  pounds  of  this  U.  (J.)  powder 
and  a  109-poaud  projectile,  and  an  air  space  of  3.6-inch  besides,  the  air 
space  due  to  the  ditferences  in  diameter  of  the  chauiber  and  cartridge. 

At  this  round  tin-  breech  tiansom  of  Whitwortli  steel  wjks  fractured 
about  ■»  inches  liotn  i  In  left  tenon,  and  was  blown  54  teet  to  the  rear,  j)as8- 
ing  through  a  heavy  wooden  screen.  The  cast-iron  breeeh- block,  was 
btolten  into  three  large  «»nd  several  smaller  Tragments,  one  of  the  large 
pieces  being  projected  about  200  yards  to  the  left  and  rear.  The  aide 
strajis  were  spreml  apart,  but  these  straps  and  tbe  main  body  of  the  gun 
appear  to  be  uninjured. 

^  The  velocity  oblained  in  tliis  round  was  1,748  feet,  being  about  the 
same  as  that  previously  obtained.  The  pressure  was  lost  owing  to  the 
destruction  of  tbe  pressure-gauge  at  the  time  of  rupture,  bat  from  the 
data  previously  obtained  and  tbe  velocity  record  it  is  not  probable  that 
it  gnnitly  exceeded  the  pressures  of  preceding  rounds. 

The  opening  and  closing  of  breech  mechanism  was  easily  per- 
formed by  two  meu  alter  atiachiug  a  weight  to  the  muzzle  to  counter- 
poise the  (•reech  preponderance  of  the  gun-body  on  the  loading  trun- 
nions. 

i  he  gas  check  operated  easily,  being  tisually  witlnhawn  by  hand, 
though  the  tongs  were  resorted  to  in  some  instauces.   It  was  found 
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that  a  wire  edge  regairing  removal  was  throw u  up  arouud  tbe  exterior 
of  the  gas-chciok  aner  nearly  every  roand  sabsequcnt  to  the  first  few 
fired  witii  th«  device.  A  light  escape  of  gas  between  the  gun  and  breech 

block  was  noted  at  times  during  the  experiments.  After  the  18th  round 
gns  escaped  through  both  vents,  though  one  wae  bored  only  to  the 
bushing. 

Tbe  enlargements  of  the  bore  from  the  muzzle  to  within  41  inches  of 
the  breech  are  ftom  0  to  0.001  inch,  being  very  Blight  indeed.  The  en- 

largeineut  of  the  bore  for  6  inches  in  front  of  the  chamber  is  about  0.003 
Mifh,  ;Hid  that  of  the  eliamber,  as  'h  tfTTrniuMl  from  star-gangings  made 
alter  tiie  8th  and  24th  rounds,  was  about  0.UU3  inch,  exce[)t  at  5  itiehca 
from  tiie  breech  it  increased  to  0.005  inch,  and  varied  uuilornily  from 
that  to  0,0U8  inch  at  2  inches  ftom  breech.  The  chiiniber  was  not  star- 
ganged  at  the  begining  from  hiek  of  proper  sized  points  for  star*gaog6. 

It  was  observed  in  the  eonrse  of  the  firin^'^  tliat  the  j;nn  shon-cd  a 
sli^dit  vertical  displae^^Jix'nt,  by  reason  of  whic^h  th«'  face  of  the  breeeh 
was  a  little  higher  alt^ji  tliau  before  firing.  This  indicated  that  at  some 
period  during  the  discharge,  probably  at  the  time  of  maximum  pressure, 
the  contact  between  tbe  ihce  of  the  breech  and  the  movable  cast-iron 
breech-block  momentarily  ceased. 

A  sketch  giving  the  position  of  the  fragments  of  the  breech  mechanism 
relative  to  the  gun  is  shown  in  Plate  III. 
Plate  IV  shows  the  fracture  of  the  Whit  worth  steel  breech  transom. 
Plate  y  shows  the  fracture  of  the  cast-iron  breech-block. 
This  gun  having  burst  at  the  24th  round,  its  endurance  was  not 
sntisfaetoiy  to  tlie  Hoani,  and  hence  it  cannot  recommend  ttiatitbe 
"put  to  u.se  in  (lie  Goveruiiieiit  service." 

In  the  oiJiiiioii  of  the  Board  the  system  was  weak  in  some  of  its  parts, 
notably  the  cast-iron  breech-block.  It  is  considered  probable  that  the 
yielding  of  the  breech  closing  system,  composed  of  the  side-straps,  tran- 
som, breech-bliu'k,  and  ncrew,  permitted  escape  of  tl»o  ^r:'*^  bptw(M>n  the 
breeeh  block  and  the  base  of  the  gun,  thus  allowing  the  gas  to  ex«M  t  its 
pressure  upon  a  larger  area  of  the  breech-block  than  a  cross  section  of 
the  bore.  This  it  is  believed  may  have  been  the  cause  of  the  rupture,  bnt 
there  may  have  been  some  flaw  or  defect  in  the  material  of  the  breech- 
block or  transom,  although  none  could  be  detected  bv  the  eye. 

T  Cr.  BAYLOK, 
Colonel  of  Ordimm  c,  President  of  the  Board* 
F.  n.  PAKKEK, 

Mawr  or  Ordnance. 
GEO.  W.  MoKEE, 

Major  of  Ordnance, 
CHAKLES  SllALEK, 

Cff plain  of  Ordnance. 
B.  A.  LYLB; 

Coptotn  of  Ordnaneci, 
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mt  Sam^  Sock,  N.  J,,fr9m Stfttmber  9  to  Oolobtr8,mL 
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right  48^;  8  miles < 
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was  made  dl  liutltT  nabot  metal,  and,  except 
in  roand  hix,  whc^n  thpre  was  considerable  e«- 
cAi>o  of  ^as,  closed  the  breech  fairly  well. 
After  ea^-h  round  subsequent  to  number  6  a 
burr  had  to  be  filed  off  from  the  outer  edije  of 
the  check.  It  was  removed  easily  by  band 
after  firing,  exceptinn  in  the  csho  of  roands 
11  and  U,  wjien  the  tongs  bad  to  be  mad. 
For  thairakcight  rounds  a245-ponnd  Oram 
ded  from  tbe  mnszle  to  i 


breeob  preponderaaoa  whw 
iMkad  mm!  ThfllHWii  Tt  tf'ng 
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ttagin. 

WM  replaced  by  a  bearler  chain  anraad  neck 
of  gnn,  and  at  all  times  tbe  gna  was  opened 

easily  bv  tw<»  men.  Three  projectiles  were 
used.  ditYering  in  the  character  of  soft-metal 
band.  KoiiixIh  I  to  H.  marlied  Al.  band  metal 
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p.irtM  r<'])[H>r.  Rounds  Sand  10.  m;»rk>-d  A2, 
made  uf  iiabtdtt  metal.  Roou(1n  II  and  12, 
marked  A3,  containins  2.5  purtH  (  i)])per,  15 
parts  tin,  75  )>art.<«  lesin,  7.5  parts  aiittmony. 
At  least  one  of  each  kind  of  these  projectiles 
key-holed  iu  the  butt.  Of  eijjht  recovered, 
one  only,  and  that  one  tired  wltb  20  or  "JS 

Sounds  of  powder,  ahowed  marks  of  the  ri- 
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mi  Omaif  Mfpok,  N,     from  Seplmktt  9 1»  OMer  tf»  1884— ContiniMd. 


M-h  fln<,  Huch  an  ^fTi'ct  on  pieoo,  aouniof  yn|><lMlill  In 
fll^t,  aoAttering  of  /ragmeDU,  eto.,  uto. 


B2.  S 


t.e7 


Gas  <  bfok  Riitlor  nahot  iii<>tal  (aatni^  ohpok  both  ronnda).  ProjectllMi  recov- 
erixl  fiiim  x.xnA  hiitt.  R.uuls  a»iowe.|  full  iraprpi«t«i  »n  of  rlflinj.  with  very 
liltii- nlip.  K..iiri(|><  i:t  mill  U  nulid  (•••pper  haml  su'wt  it  ni-il  far  null-metal 
band  m  rear,  anti  froot  baud  turne«l  doiro  flusU  with  bi>dy  ut  abou  Cluaod 


Butler  nabot  mptal  eaa-rht'ck  n«i'd  in  th^so  roandu:  IS.  16.  17. 18,  and  19;  havfoff 
previoaaly  b"ca  uawl  in  rouuda  14  uud  U.  Uemoved  by  baud  exoopt  in  roaad  17. 
Gob  -    -  - 
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flratnaML  Afioreaeb  ronad  llWMobMffVitd  MM*  UMoalM«rtte  fan  and 
broMh-blook  had  obJUiffMl  aboat  oaa-Mitb  of  aa  taah. 

Boanda  S  aad  M,  aew  «»oh«H;k  (the  third)  of  Bntlor  aaboi  laHal  aaod  la  tiMM 
roaadi.  AfcroandMbreMbofKuu  blew  off.  The  atoel  eroaa  bfad  waa  fmctured 
•boat  t  iaohea  from  Ita  loft  t^non  ami  the  remitindir.  with  tb«  breech  acrew, 
waa  thrown  aa  a  ainelA  frotfment  54  f»M>t  to  thi-  t^nr  piiiMinK  rtlrwilv  thmoith 
a  h«Mivy  wooden  Hcri'<>n  Om*  Ihikc  fr;*uniriiit  of  iln-  iMHt  irori  l)ri»»>»-ti  hli>ok  waa 
fuand  din»ctlv  under  the  hum.  an*l  aiiotli<T  <>f  «  quiil  hi/.o  on  the  h^-ach  i)V>-r  200 
>arilH  to  th«  loft  and  rear.  Thn  bri'«Th  .strann  were  «pr«\ni  out,  but  otin  rwiH« 
nnin.|iir«d,  and  tht'  rarri«i;«  but  slightly.  'I  I'lovutiiii;  ncrt^w  wa?*,  of  i<iurs«, 
torn  otf  ami  the  pfiirin:;  fur  r>penln:i  tbn  tinn,  with  bolts  mxl  nut«  hci-e  and 
th>  r(>  NtrewQ  antuml  in  overv  direction  aa  varioua  aisrd  fratfineota.  Only  n 
Niiuiii  piet'Aof  the  houHinKof  tba  pvMMia-ptaf  araaffMad.  Thabodjraftha 
gun  was  ontiroljr  nnii^arod. 
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PLATE  IIL 


FRAGMENTS 

RirLC  CONVERTED 
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PLATE  IV. 


FRACTURED  BREECH  TRANSOM 

MANNIS  6Vt  INCH  B.L  RIFLE  CONVERTED. 


SC^MA  ^OJt  T£.9Ttiltm'  ^/f£.XA  Cssf^^  Sc 
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Apj»bndix  24. 


TABLM  OF  TEE  HOTCHKlSs  SIXGLE-BARRSL  RAPID  FIEINa  NON- 

RECOIL  QUNS, 


i  TheiiA  t;iins  uao  the  i 
I    amiimuitioD  of  the  i 
revolTins  oanuoo  of 


High-power  guns. 


Caliber  .   

Lenstb  of  bore  do  

LeDRth  of  bore,  in  oalibers  

Length  of  gun   milHinetcTB.. 

LeoKth  ot  ican.  Inclading  stork  or  ithonlder- 

p}eT«  millimeters.. 

Wt^igbt  of  ptn,  tnolluUiig  atook  or  Mhonldor- 

piece  ttilograms.. 

WeiRht  of  pivot   (!"   

Wfieht  of  nockft,  or  of  Hocket  with  stand,* 

liilotiraniM  .**•<•••    

^^'t  i'sht  of  steel  shell  grains.. 

lint -it  inn  charge  *^  ••• 

Ltuigth  of  steel  shell,  in  calibers  

Charee  of  powder    grains. . 

Total  length  of  cartridge  with  projectile, 

millimvtors   

Total  wcisht  of  oompleto  MrtridKe.gnliui. 
laitUTiSKttjof  pn^aetito.  ^ 


_  gnan  mctw .  ........«•••.......  

Ynlekiiess  of  iron  plate  wUeh  the  p  roj  ee  tila 

win  perforat©  . .   millimeters.. 

Rapidit)'  of  fire,  per  miuate,  careful  sight- 

inK  n<<t  incliulod    

Kamber  of  men  required  to  work  the  gun . . 


87 

740 

20 
840 

47 

1, 178 

25 
1, 325 

1,272 
24 

1,605 

37  •  ai? 

1.406  f  1,786 

38  ;  38 
1,506  l,i»54 

1 

1,880 
40 
2,048 

87 
2,280 
40 

2.  515 

1, 140 

1,825 

•j,  12.'i 

2,020 

2,500 

2.000 

3,035 

35 
17 

100 

,  - 

156 

" 

120 
80 

180 
80 

230 
00 

380 
80 

10 
512 
15 
2.87 
80 

40 
1, 075 
45 
2.8 
880 

00 
1,700 
60 
8 
410 

250 
800 

30 

iii 

1  880 

'  1,800 

60 

"iS 

880 

1.800 
GO 
8.06 
780 

300 
2, 720 

115 
8.88 

880 

167 
088 
468 

234 
1.886  , 

810 
8,860 
480 

870 
1.480 
000 

886 
8.400 
800 

616 
2,780 

000 
9,880  . 

17.07; 

477 

4.817 

I]«tt8 

17,MB 

Ub48B 

UkllO 

1 

41,  OM 

85 

Mi 

80  1 

2 

188 

18 

2 

80 

1 

2 

» 

2 

80 

18 

2 

*The  klgli^piMrar  gnoa  an  naaalfar  movatad.an  *  ataad.  which  ia 
•Mkf>to  Ibr  ttM  aOwr  gvBa  af»  battM  OB  kba  haDd-mU  or  aaj  ollm 
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bolted  down  on  tha  deck. 

of  tha  ahip. 


Tho 


Digitized  by  Gopgle 


Appendix  25 


CONSTRUCTION  REPORT  OF  THE  ^-INCH  MANN  BRKECH-LOADINO 

EIFLE, 

BT  CAPT.  D.  A.  LYU,  ORDVANCB  SBPABTHKNT. 

(1  plate.) 

The  body  of  this  gtin  is  converted  from  a  lO-ineb  Rodman  smooth- 
bore gitii  (No.  176,  W.  Ptb  Pdy.,  No.  978)  by  inserting  a  steel  tube,  open 
at  each  end,  shrinking  on  a  steel  jacket  over  the  breech,  and  shrinking 
on  n  stopi  tniiniion  ring  whofie  rear  face  is  6  inches  in  th>nt  of  the  for- 
V  aid  end  of  the  jacket. 

The  breech  mechauism  consists  of  a  cast  iron  breecli-bluck  rece^siMl 
into  a  steel  transom,  which  carries  a  steel  breech-screw  fi>r  bringing  the 
breech  block  in  contact  with  the  base  ot  the  breech.  The  transom  is 
mortiscil  into  two  steel  side  straps,  whitli  transmit  the  strain  npon  the 
breech  to  the  tninniouH  iinon  the  l)i>(ly  of  the  jjun.  A  beeond  set  of 
tniuuious  are  placed  ou  the  exteiior  laces  of  these  side  straps  to  sup- 
port the  gnn  npon  its  carriage.  The  centers  of  the  trnnnions  on  the 
si<1e  straps  are  23  inches  in  rear  of  the  centers  of  those  on  the  body. 

The  tube,  jacket,  trnnuion-rinpT,  side  straps,  transom,  and  breech  screw 
are  all  made  of  Wliitworth  liuid-coinpressed  steel.  The  quality  of  tlie 
material  and  the  iinish  of  these  parts  testify  to  the  excellence  of  the 
work  done  by  that  celebrated  mannfectnrer.  The  tube  was  finish- 
tamedf  chambered^  and  rilled  when  received.  The  finish-taming  of  Uie 
exterior  necessitated  very  delicate  manipulation  at  this  foundry  in  bor- 
ing the  easina  in  order  to  ke**])  within  th»'  su»  nil  limits  required.  It  is 
preferable  iu  manufacture  to  lirsi  bore  out  the  casing  and  then  turn  tin- 
tube  down  to  the  limits  prescribed.  Hence  tubes  should  not  be  fiuishe*! 
on  the  exterior  until  they  arriTC  at  the  place  of  assembij*  , 

A  retaining  ring  of  steel  is  screwed  on  the  rearend  of  the  tube*  The 
ex'terioT  (tf  this  rin;:  fits  mechanically  into  the  corresponding  coanter* 
bore  of  the  cast-iron  casing. 

The  breech-screw  is  set  up  and  relieved  by  meatus  of  a  tappet-lev*er 
attached  to  the  rear. 

The  mechanism  is  opened  and  closed  for  loading  by  means  of  a  crank 
shaft  passin^f  transversely  through  the  si«le  straps,  carrying  two  brasts 
pinion-wheels  which  en^aj^e  two  corresponding  racks  screwed  to  tlio 
sphero-segmental  surface  forming  the  face  of  the  breech.  These  racket 
are  placed  one  on  each  side  of  the  bore  and  extend  downwards  from 
points  on  a  line  with  the  center  of  the  bore. 
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PRINCIPAL.  DIMENSIONS  OF  BORE. 

ImIm«. 

Total  length  (17  feet  =  31ic»lib©ra)   204. 

Diameter  of  rifled  portion   6.6 

L«'ii»5th  of  rilled  portion  -..   168.S 

iJiautt'ter  of  chamber   6.82 

length  of  chamber  (cylindrical  part)   34. 

Longtb  of  chamber  (conieiil  pari)  •  ^   0. 75 

Total  length  of  chamber   34.75 

L.cnj^ili  «»i  receAs  for  gas-check   0. 75 

Thickness  ul"  walh*  or  tube  over  chamber......   2.215 

Thickness  of  walls  of  tube  under  cuHing   2.  ;?75 

Thickness  of  wbIIm  at  liuat  end  of  casing   1, 1 

I  liickness  of  walls  at  neck    2.4375 

Tlackneofl  of  waUs  at  swell  of  mazzle   3. 75 


The  rifling  consists  of  thirteen  lands  and  thirteen  grooves  of  eqoal 
width,  and  terminates  upon  the  beveL 

W id th  of  lande  and  giooyee  ineliee. .   0. 7854 

Depth  of  groores   do          0. 1 

Radius  of  angles  at  bottom  of  grooves  do  05 

Diameter  of  bore  over  lauds   .......................  do....  6.5 

Diameter  of  bore  over  grooves  ,  do          6. 7 

TwUt,  one  turn  in  60  calibers,  or  fieet. .  32. 5 

WBIGHT8  OF  PBIKOIPAI.  PABTS. 

PouBd* 

Body  :   17,275 

Breech-blook  -   485 

Transom   1,367 

Side  straps  (2)   3,285 

Br(  .•(  li-scn'w   .....».....••«*•..,,.••••.•...«•.,••,.,..•...«,,•••......        27 'i 

Total  weight  of  gun  82,994 

FBSPONBXBAirOB* 

Pouml». 

Of  body,  on  loa<ling  trunnions  (forward  set),  breeoh   293 

Of  whfue  gun,  on  carrfaf^  or  firing  trunnions  (rear  not),  mnssle  

For  detailed  description  of  gun  and  claiins  of  inventor,  see  spocitica- 
bone  forming  part  or  Letters  Patent  Ho.  ;257,230,  dated  May  2, 1882, 
and  specifications  forming  part  of  Letters  Patent  No.  257,823,  dated 
May  9,  1882,  transmitted  herewith  and  forming  part  of  this  report. 
For  details  of  weights  and  dimensions  see  inspection  report  inclosed. 


VEjNTIiNG. 


The  vent  is  for  center  tire.  A  copper  vent  x)iece  or  l>a8hing  iK  st»t  in 
tbo  cast  i!on  breet^li  "^^i*^  ^'^^^^     bored  axialiy  on  a  line  with  the 

axis  ot  the  horo  for  a  ^hoil  tli^Ntance,  where  it  is  intersected  at  an  obiusc 
angle  by  a  hole  horetl  i\om  the  upper  surface  of  the  brtiech  piece  and 
lying  in  a  plane  passing  through  die  axis  of  the  bore  (when  breeoh  is 
cUmScI)  and  inclined  to  the  vertical  plane  through  the  .s;)me  axis.  A 
PoeoTtd  vent  i«  placed  symnietrically  on  the  opposite  side  of  the  vertical 
plane,  but  is  bored  only  to  the  outer  surface  of  the  copi>er  bushing. 


FABRICATION. 


Tlie  work  of  conversion  was  performed  by  tlie  South  Boston  Iron 
WoriKSy  at  South  Boston,  Mass.  The  Bodmau  gun  casing  was  turned 


ft 
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and  bored  to  tbe  given  dimensions,  and  the  steel  tube  inserted  with  a 
play  of  .004  inch,  tbou*:})  it  ^vas  intended  to  have  them  tlie  same  sise, 

and  beat  the  (';isi!i«^  for  tube-insert i*>n. 
Tbe  steel  jacket  and  trunnion  baud  woie  then  consecutively  shrunken. 

ASSSKBLIMO. 

Tube  in  oaaing. 

First  triaL — Tbe  first  attempt  to  insert  tbe  tube  resulted  in  lailure 
from  defects  of  method  and  appUanoes. 
Tbe  operationB  w^re  as  follow  s : 

Tube. — Rotli  ends  of  this  were  closed  by  wooden  ])lnp:s.  A  five-eigbtbs 
inch  fjas  pipe,  extending  nearly  to  the  breecb,  wjts  iiKserted  throuprh  the 
center  of  the  muzzle  plug  to  admit  water  ooDductcd  from  a  hydrant 
through  an  attached  hose.  The  water  was  to  keep  the  tube  cool.  The 
waste  water  was  carried  off  by  a  1-ineh  iron  pipe  with  hose  attached* 
The  pipes  and  hose  proved  too  small  for  the  purpose.  The  whole  was 
arranged  aeeordinfj  to  tlie  Kodma?)  p1;ui.  A  clamp  and  diain  fhsffMH-*! 
to  tlie  muzzle  end  of  tbe  tube  was  hooked  to  a  derrick  for  hoisLiug  and 
lowering. 

OoMt-iron  eaHng^tbia  was  placed  breech  down  npon  an  iron  ring 
about  2.5  inches  thick,  snpportiad  by  liricks  pla<?ed  upon  the  surface  of 
tiie  jrronnd.  Five  sections  of  an  old  boiler  were  placed  orid  to  end,  ver- 
tically, so  as  to  inclose  the  ciising,  which  extended  12  inches  beyontl  this 
shell.  Kuniberiii^^  the  sections  from  the  bottom,  Nos.  1  and  2  were 
riveted  together,  tbe  9d  and  4th,  sinularly  prepared,  were  placed  loosely 
npon  the  lust  twoy  and  the  6th  loosely  upon  the  top  of  the  fonrfch  seo> 
tlon. 

Firing. — !Sliavin<^s  were  tilled  in  around  the  cast-iron  body  ami  the 
fire  lighted.  The  fuel  used  was  strips  of  dry  pine  added  from  lime  to 
time. 

Details, — ^7.45  a.  m.,  fire  lighted ;  8.15  a.  m.,  ftiel  added ;  8.52  a.  m., 
ftiel  added ;  9.12  a.  m.,  fuel  added ;  9.25  a.  m.,  fuel  added ;  9.52  a.  m., 

commenced  to  lower  tnhe  in  (msitil'";  9.55  a.  ni.,  tube  stnek  in  easinfr  52 
inches  from  required  position ;  10. OO  a.  m.,  fuel  addiul  to  exparul  casing 
more,  but  without  success  j  10.37  a.  m.,  water  turned  oil'  and  nre  allowed 
to  go  down ;  10.44  a*  m.,  water  hot,  steam  and  hot  water  escaping  at 
intervals ;  10.49  a.  m.,  cold  wat«r  tmmed  on,  escape  of  steam  and  water 
ceased  :  l(>.."i2  a.  m.,  water  began  to  flow  again ;  :i.  m.,  water  turned 
off:  10.57  a.  m.,  steam  ami  water  esea]>injr;  11  a.  m.,  steam  escaping, 
au(i  water,  at  intervals ;  11.02  a.  m.,  hot  water  escaping  through  etHux 
pipe;  11.00  a.  m.,  plug  came  OQt  of  bottom  of  tube,  letting  out  water 
and  8t«*am  nnder  considerable  pressure,  water  turned  oif  and  Itoe  ez- 
tingnifshcd. 

During  the  trial  the  loose  boiler  seetions  were  disarranged  and  tipfn'*! 
to  one  side.  A  brisk  breeze  blew  the  lire  to  one  side,  causing  unequal 
beating;  and  tbe  casing  was  so  long  that  the  blaze  did  not  extend  high 
enough  to  expand  the  upper  part  of  tbe  casing  snificiently  to  admit  th6 
tube.   The  arrangemente  were  very  crude  and  insufficient^ 

The  tube  wnn  snbgequcntly  removed  from  the  casing  by  means  of  a 
95-ton  hydraulic  jack. 

Second  trial.— For  this  attempt  the  citing  was  placed  iu  a  casting  pit 
in  tlie  gun-fouibdry,  where  suitable  arrangementa  existed  ibr  heating 
properly.  The  mouth  of  the  pit,  which  was  level  with  the  muzzle  of  the 
camng)  was  covered  with  plates  of  iron.  The  tube  was  closed  at  each 
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<'1h1  l>y  ]>lates  of  iron,  under  which  were  placed  rubber  jravskets,  and  all 
SCI  ureiy  beld  in  position  bra  *  inch  iron  rod  ext"cudin{?  the^ybole  iength 
of  the  tube.  The  inlet  pipe  extending  to  bottom  of  tube  was  I  iucU  iu 
diameter,  to  wbicb  was  fitted  a  l^inch  hose.  The  outlet  or  waste- water 
pipe  was  1  ^  ioches  in  diameter.  The  hoistlDg  and  lowering  was  done  by 
a  crane. 

The  ni)per  ctid  of  tlie  casino:  was  closed  by  a  sheet  iron  plate  having 
a  bole  in  the  center  to  admit  the  motalUc  stem  of  a  Bulliley  pyrometer, 
for  determining  the  temi)erature. 

The  grate  was  filled  with  a  layer  of  shavings  and  charcoal,  on  which 
some  eoal  was  placed.  The  lire  was  lighted  at  5.40  p.  ni.,  and  tended  by 
a  watchman  dm  in<;  i  he  ni;:rht,  wlto  allowed  the  tire  to  go  down  slightly 
about  4..'iO  a.  ni.  the  t■<)ll()\^  in;:  morning. 

Details, — June  17,  o.40  p.  m.,  lire  lighted  in  pit.  June  18,  4.oO  a.  m,, 
fire  getting  low;  7.26  a.  m.,  pyrometer  inserted;  7.45  a.  m.,*iodieated 
temperature  2({0O;  7.52  a.  m.,  fuel  added— old  ]>itie  patterns  and  little 
charcoal;  7.57  a.  til,  fin'l  added  (wood  and  charcoal):  8.10  a.m..  fuel 
added  (wood);  8.1U  a.  m.,  j»yromctor  readiii;:  350^;  8.30  a.  ni.,  pyrome- 
ter readiug  310°:  8.40  a,  m.,  pyiometo  reading  350^;  0.00  a.  m.,  py- 
rometer reading  370^;  9.20  a.  m.,  pyrometer  reading  390^;  9.37  a.  m., 
pyrometer  reading  4<MK>;  9.50  a*  m  « pyrometer  reading  430^}  10.00  a.  ra., 
pvmueter  reading  42r)<^;  10.15  a.  m.,  pyrometer  reading  440^;  10.3S  a. 
IU.,  pyrometer  reading  475°;  10.51  a.  ui.,  pyrometer  readinc:  11.04 
a.  ni.,  pyrometer  readinjj:  47(P:  11.25  a.m.,  pyronn  icr  reading  475°; 
11.35  a.  m.,  water  turned  on  in  tube,  and  bad  packing  allowed  leakage 

npper  end — 35  minutes  lost  in  repacliiDg;  12.00  m.,  pyrometer  retM* 
ing  50(P;  12.35  p.  m..  pyrometer  i^ing  510^;  12.15  p.  m.,  pyrometer 

reading  510^;  1.25  p.  rn.,  pyrometer  reading  490^:  1.50  p.  m., pyrometer 
reading  oOO©:  2.10  ]k  m.,  pyrometer  read  in. lt  500o. 

Kemoved  pyrometer  and  covering  fiom  end  of  casing.  iiUtter  meas- 
ured as  well  as  heat  would  admit,  and  lionnd  to  be  expanded  about  .Oi 
inch. 

The  crane  with  tube  was  then  placcMl  in  position,  the  water  turned  on  in 
tube  until  itovcrllowi'd.  and  the  jnb(  inserted  a.s  r:i])idlya8  possible^  the 
downward  movemenr  being  coulroiied  by  the  brake. 

The  tube  was  lowered  into  the  casing  iu  27  seconds.  In  10  minutes 
waste  water  slightly  warm.  A  fkdi  head,  of  water  was  turned  on/  tJie 
overflow  was  then  cold  and  so  kept  to  the  end.  A  three-foarths  inch 
railially  petforated  iron  ]>ipe  was  bent  SO  as  to  encircle  the  casing  near 
the  top  and  water  admilled. 

The  radial  jets  cooled  the  upper  end  more  rapidly  than  the  i"est  of  the 
mass  and  caused  it  to  bind  there  first.  The  fire  was  allowed  to  burn 
down  and  water  applied  to  extinquish  it. 

The  muzzle  end  of  the  tnbe  was  found  to  be  quite  warm  on  the  out- 
side soon  alter  the  casing-  was  set. 

At  3  p.  ui.  pit  uncovered,  Are  eompletely  extinguished,  casiug  and 
upper  end  of  tube  allowed  to  cool  gradually. 

At  3.55  p.  m.,  water  turned  off  perforated  outeide  pipe  and  partially 
turned  ofT'  in  tube,  until  it  was  found  that  the  water  was  getting  warm, 
when  tiill  pressure  was  let  on  and  malutaiued  until  tube  and  casing 
cooled  down. 

At  4.55  p.  m.,  casing  but  slightly  warm,  upper  part  ot  tube  cold, 
waste  water  cold. 

Tlie  gun  was  hoisted  from  pit,  laid  on  floor,  water  emptied  from  tube, 
bore  wiped  and  oiled. 


Digitized  by  Gopgle 


810 


BEFOBT  OF  THE  CHIEF  OF  ORDNANCE. 


SHBHilUKa  ON  SIKilL  JACKET. 

The  jacket  WftB  ^Aoed  breech  end  down  on  an  iron  ring  supported  by 

brick  \i\U\  upon  the  foundry  floor,  surrounded  by  a  ])oiler-iron  casing, 
and  the  space  between  tilled  half  way  to  the  top  with  shaviu'^s  and 
wood.  Top  of  jacket  closed  to  keep  out  dust,  and  pyrometer  inserte<l 
azially.  The  gun  was  fitted  with  cooling  arrangement  same  as  in  second 
trial  for  insertion  of  tube,  and  tospended  tram  a  orane. 

Details. — July  1, 8.30  a.  m.,  fire  lighted,  and  wood  added  from  time  to 
time;  10.07  a.  m.,  pyrometer  indicated  r^^O^;  10.08  a.  m.,  gun  ready  for 
lowering;  10^  9™  25*  a.m.,  gun  lowered  into  jacket;  10**  9*"  52»  a.m., 
gun  in  jacket  (lowered  in  27  seconds);  water  applied  to  exterior  near 
top  of  jacket  at  onoe  throngh  perforated  pipe  for  one  minute;  water  off, 
three  minutes;  water  on,  three  minntes;  water  off,  ten  minutes,  then 
applied  continually  till  10.48  a.  m.;  10.57  n.  m..  gun  lifted  from  flask; 
11.20  a.  m.,  gun  laid  on  floor,  breech  still  quite  hot ;  oil  with  which  cii^ing 
was  covered  oozing  out,  due  to  shriukage.  Cold  water  kept  running 
thxoni^  tube  till  gun  eooled. 

SHJiUiKINO  ON  TRUNNION  BAND. 

This  was  done  similarly  to  the  jacket  exce])t  it  was  in  the  open  air. 

July  23,  1884,  1  i>.  m.,  tire  ii;:lit('d;  1.40  j).  ni.,  expanded  suflicicnt  to 
admit  gauge;  1.45  p.  m.,  band  removed  from  fl^k^k;  1.47  p.  m.,  baud  ou 
•  Eon-latiie  norhsontal 1.50  p.  m.,  clamps  applied  to  draw  buid  ap  to 
shoolder.  Band  expanded  0."25diametrally  more  than  neoeseary;  USS 
p.  m.,  water  turned  on  exterior  of  band  sprinkler  did  not  0[>erate  well, 
and  watering  pot  substituted;  1.58  j>.  ni.,  hose  used  to  pour  water  over 
exterior  ou  one  miuute;  2.10-2.14  p.  m.,  water  on  rear  end  of  band :  2.14 
p.  m.,  water  oft';  2.16  p.  m.,  water  on  front  end  of  band;  2.25-2.27  p.  m., 
water  on  casing  in  rear  of  band;  2.30  p.  m^' water  ofl';  2.;n  p.  m.,  band 
cool  excej)t  trunnions;  water  turned  on  over  whole  surface  of  ring; 
steel  jacket  in  rear  of  ring  too  hot  to  bear  hand  any  length  of  time; 
2.34  p.  m.,  could  bear  hand  ou  baud;  3.00  p.  m.,  still  very  warm,  left  to 
oooL 

The  gnn  was  finished,  assembled,  and  turned  over  to  the  Ordnance 

Department  for  inspection. 

For  detailed  dimensiou><  I  would  respectfully  refer  to  the  inspection 
report  lurwanled  herewith,  and  form  in    part  of  this  report. 

The  whole  superiuiendeuce  of  this  conversion,  according  to  the  terms 
of  the  contract,  devolved  npon  the  inventor,  Mr.  Mann,  who  was  present 
almost  constantly,  and  arranged  every  detul. 

Beport  of  itimtctiOH  and  proof  of  6.5-tnc/i  Mann  breeck-hading  rijie  Ao.  1,  fabrioaiedf  «l 
fM  SnOh  Bwlon  foundry t  nttOar  mttraot  of  Chiof  of  (Mtnamce,  U,  8,  A,,  Med  Juip  14, 
1863.  * 


Sut^ezt  of  mruaremenU 


Total  lenirth  of  jrnn  

Total  If-nu'tli  uf  tnW  

Length  uf  iiiU':il  p.irt  

L«'iitltli  of  clianilter  ,  

L«uKtl)  of  iriiMtiini  in  front  of  chamlMr 
Lcnirth  of  frustniti  in  n  ar  of  chamber. 

Dianiet<'r  of  bore  a<  i(>-^>  Limls  

Diamcti'i  <•(■  liore  nrriit<H  ;;roovea  

Width  of  {{rooves  and  lauda  


Dimenaiooa. 


I 


-  _.J 


204. 

Idas 

34. 

0.  75 

0.  75 

«.  5 

6,7 
.  .7854 


108. 6 

34. 
a  75 
0.79 
&8 

6.601 
.7854 


Variattooa— 


-.oo# 

0 
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Preaeribed. 


Depth  of  (jroovew  

Number  of  ^rroorni*  and  land*  . 
Groovi-H  tllli  ud  with  raditis  of 

Pitch  of  ritliii;:     

l)iiiiin  t<^r  I ■!  >  ha-nlMT  .......... 

Lwiijrtli  iif'  »t  r>-\y  lifiid 
LrMii.'T}i  of  (-vlniili'i  rrom  MW 

L4'Il$itll  ot'  Urli  tiKiitth  

HiidiiiHof  hf]l-iiioiith   ......•■..>.«■•••.••••< 

Length  of  cvliiider  iii  fiont  of  mouth  ...*«••..., 

Length  of  tube  from  imkI  of  ciii^inK  tomaEzle  

Bxt«rior  diameter  of  tube  from  end  of  Mrew*liMd  to  batt- 

inon    ' '  ■>  .•••••••«■•••♦•••••••••••• 

Correspondini;  diamet«r  of  bore  of  caMinf;  

Coireapondiug  shrinka^t^  

Exterior  diameter  of  tuM  at  oyliadar  in  fkmtof  bell-moaUi . 

Diameter  at  neok  of  nanle  

Diameter  at  swell  nt  muaale  

DfaBAtarof  flUat  

Lenxtli  of  eaaloK  

Length  of  recem  for  retaining  ring  

Length  of  bell-moulh  from  casing  

Plajr  between  tube  and  cuMin);  nt  bell-raoath  

R«  ar  dia!nft«T  of  ret-ens  for  n'tainiuj;  ting*    

Kejir  <lirtiiit"t»T  of  letaiuiiii;  t  iu;;*  


Corrt*»i>on(liii;;  pl>»y*  

Front  (iintiict<<i  of  ivceaa  fur  retutuiug  ring* 
Front  diameter  of  retatnfaig llllg*  

Corref«iniiidin>:  play  

Length  of  letaiiiinj:  ring 


fing. 


Play  between  end  of  ring  and  sboolderof  caalng  .. 
Pitch  of  acrow  on  wtninuig  ting  (ttirtsda par  faMB) 

Length  of  jacltet   .......... 

Length  of  bearing  anrflioa  Air  Jnalwl  on  nrtarioir  «f 

Corresponding  plaj  

Interior  diunuNr  of  Jaclcet  

Corresponding  diameter  of  caaing.... .............. 

Comspooding shrinkage.  ..  ......  

Sxta«lordlaiB<>l«r«CJMk«l  alraar  

IMMrior  dtentatar  «f  mt  ih«dd«r  of 
Corresponding  diametor  of  oaaing. . . 

Corrpspondtng  abrinkage  

Interior  diameter  of  Keeond  nhonlder  of  trunnion  ring 

Corresponding  diaineter  of  ia«ing  

Corn-'i|)oii(liiig  Hhrinku^e    . .   

Intt  i  ior  iliatiu  ti  1  of  third  ahouldor  of  trunnion  riug. . 
Com-Mpontlin;:  <l:  m  i-terof  caaing.................... 

CorrespondtnL'  ■'iti  mkajic  

Interior  dianiet*'!  uf  fourth  slionlder  of 

Correfipondin:;  iliamoler  of  t  uNing  

Corre!«pondiiig  Hlirinl^agc  

Length  of  each  of  four  »)ioilldws. ...... 

Length  of  trunnion  band............... 

Diameter  of  trunnionn.  

Length  of  trunnion  

DiHUQces  between  rim  bases  

Distanees  between  fiwies  of  trannloao.. 

Distance  from  nmaalo  to  tmnnkmo  

Diameter  of  gnn  tn  roor  of  trnnnkna .. 


Length  of  aide  otfOBo . .. 
Thteknoaoof  oMoaanM. 

Diameter  of  bearing  furl 


bearing  furlondlng'tniDnion  

Dtstanee  of  same  fhmi  fWmt  end  of  strap  

Distance  of  firing  tninnion  from  end  of  strap  

Diametnrof  firing  trunnion    

Length  of  firing  tniaiiinn  

Length  of  Haddle  l»eaiing    

Deptli  of  Hiuldle beating     

DiHtanee  of  -(anu"  front  end  of  strap  

Dinin«'t«T  of  j)inion-.'»tiaft  hearing  

Diiitanco  of  »anie  htlow  longitudinal  axis  of  strap.. 

Dlstsnce  of  •uime  from  fhNit  end  of  otKop  

I^-ngth  of  inorliMi  ............. 

Witltli  of  saiin"  

Distance  of  aame  from  rear  end  uf  strap  • 

Width  of  olrap  over  htnring  Ibr  londing  tnnniMio. 


1 


/ncksr. 

.1 
2«. 
,  05 
in  GO  oal. 
<L82 
91 
Uft.1S 
fll5 
1& 
.76 


1L25 
n.26 
0 

14.7 
11.  ITS 
14. 

U. 

m 
a 

0 

15.25 
15.25 
0 

14. 2S 
14. » 

■. 

0 

1. 
6&6 
8&6 

0 

21. 

21.021 
.021 


28.35 

23.278 

.  023 
22.  625 
22.047 

.022 
22. 

22^022 
.  0  22 
8.26 

la. 

8.S 
4.25 
29. 
37.5 
186. 
S&26 
107. » 
4SS 

n.» 

84.25 

7. 

8.5 

6. 

1. 25 
68. 

1.75 

1.5 
82.  »r2.'i 
10.25 

0.5 
18.875 
1& 


Actual. 


Jnehet, 

.055 

2fi. 

.  or. 
1  iu  (X)  C4il. 
6.815 
9. 

115. 75 
6.5 
18. 
.75 


11.242 
lL2't6 
0 

14.7 
1L875 
JS.M4 
lOiMB 

ia& 
a 

&5 

0 

15. 25 
15.25 
0 

14.25 
14.25 
0 

y. 
0 
1. 

55.47 
6Bl5 

.03 
21. 

21. 018 
.018 


Variation^.- 


".on 

0 

0 
0 

—.•OS 

0 
0 
0 
0 
0 
t 


.804 


0 
0 


-^007 
0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

-.08 

0 


—eoi 

».892 

-.006 

.019 

-.004 

38.25 

0 

23.276 

-UOOB 

.026 

-koOB 

22.  626 

+.001 

22.647 

0 

.021 

-.001 

21.008 

-^oos 

22.023 

+.001 

.025 

f.OQO  ' 

3.25 

0 

13. 

0 

6.5 

0 

4.25 

0 

29. 

0 

37.52 

+.ot 

13a 

0 

24. 959 

-vttl 

107.1875 

4.M 

0 

&51 

t" 

11.95 

84.1225 

6.905 

-.005 

3.5 

0 

6. 

0 

1.25 

0 

68. 

0 

L75 

0 

1.5 

0 

82. 625 

0 

10. 21875 

—.03125 

6.5 

0 

ia875 

i&m 

1  +.!« 

*  M<  <')iani(  al  At,  xurfacvegTOBBd. 

tXbw  jacket,  in  cooling,  eontroeted  about  this  amoont. 


The  iotenralWMlUlediu  by  crowding. 
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Report  o/imaptenoH  a»4 proof  Q/H^neh  Mann  ht&ek-toadmg  ri/lo  No.  if<r.<-<3oiit*d. 


V'ariaiioiM- 


I  Prescribed,  i  ActuaL 


Saiau  hi'iwt  eu  tiriu<;  and  loudiug  trunuiuns 

Saint)  oT»'r  tirin"  truuuiou*  

SaDio  t>«'twi>cn  nriii;;  trunnions  and  niortiM 

Same  over  nutrtiHo  

L«:n):lli  ol  <n-lindncal  j^atiof  tzMUom  

I)inni>'t<T  ui  HHme  .......................... 

L«Iieth  of  body  of 
TlilcKn«uof  sMue 
LfnKili  of  tenon  of 

TbicktM>Mot  iwn«  

Width  of  «nD«  

INatance  befewten  ihooldari  of 

rail  ■ 

rof  brr«oh-<ar«w  ovar  top  of  fhvaado  | 

)  over  bottom  of  tbread*  I 

PItob  of  Mr#v  (threada  p«r  inob)  | 

Lmjltll  of  tlircsid  

Lenftb  of  bearing  for  tappet-lever  

DianieUT  of  name  

DiamcUT  of  brc«*cb  block  in  front  

Diaiiiet<;rof  same  iu  rtMir  

Leupib  of  brvecli-block    

Di-ptb  »(  Ii>.i'tiuj;  Blot  in  front  

Sauie  in  natr  ; 

^\' lilt li  acrojtH  toi>  '1  slut   ............I 

Widtti  of  block  betwr^D  piuioa*  >  ' 

.DiHtancc  b«two«n  plaiinui  ^  ..' 

laiire     

DiaiiietiT  of  piui  >ii  >.!  .iit  

I}iHtu'-t«>r  «f  Haiue  In  nlde  straps........  .............I 

Siii<  ol  -iinare  forotttlk  

Toi«i  loii^ib  ,  

I.i«U)(tli  b«itwe«u  Hboulders  ..«.| 

I..«nKtb  of  part  in  nido  Htrapit  

I.<>n^tb  of  cmuk  beariuj;  

Lenfctb  of  cnink  betwiMsn  center*  .........  j 

Dianit-t«'r  of  piuloM  

Lougtb  of  hub  .......  ..................................... 

Lcn^lbof  U'l'tb  ....   ' 

^iiiubcrof  te<>th   • 

Widtb  of  rark  

Lengtb  of  rack  

If  amber  of  teetb  in  rack  ; 

WMtb  or  anddUi  

Width  of  Mune  in  Bide  iittapo  

lN«tM»cvb«Nr««ln|t»...  • 

TUekneMof  iagi  

Depth  of  UMBO  

Width  of  HMno     

DiMni*tf>r  nf  pin-liolfA  

Lcn^tli  of  link   

Tbl»  kue««  of  muu-^   •  •. 

Widtb  of  Hanio    

Len^lb  of  Blot  . .  ,    

ipf  lii.K  ket    

Wkllll  <vl  -..irn.    

Leuutb  'it  t.i|)|i.  t  I.M  i  

Lt!Uiitii  oi  hitiitUi- (■)  ^i.tino  

Diameter  of  Vf I) t     ..... 

l>ii»biac«  of  exterior  oi>eaio|{  to  left  of  axis  of  gQB  ■ 

Diatiuioe  of  «me  fhnn  breeeb  of  oating  


Inches. 

/iKsKaik 

11.2 

J1.-25 

—.05 

15.5 

1.V5 

0 

U.2» 

11.25 

0 

IILA 

18.5 

17. 

17.1 

1&5 

16.5 

0 

11.5 

11.5 

• 

9. 

9. 

0 

•1.2S 

4.25 

0 

&6 

0.5 

0 

10. 2S 

10.81875 

^0811 
+.08 

20. 

38l08 

8T.3 

0 

At5 

0 

7. 

.8 

.8 

0 

la 

IR 

0 

2.75 

2.75 

0 

7. 

7 

0 

28.5 

28.  5 

0 

16.5 

16.  45 

-.  Ki 

10. 

1  10.08 

+.oe 

«.  75 

6.8 

-f-.  05 

5.£0 

5.  437 

-.018 

7.4 

7.38 

-^08 

ft  75 

8.  75 

0 

9. 

». 

• 

.125 

.  I2.'i 

0 

2. 

1.99 

-.01 

1.75 

1.72 

-.08 

i.m 

1.41 

-I-.08B 

47. 

46.  75 

2». 

29. 

• 

0.76 

n.  ."i 

a.  75 

J. 

Q 

15.5 

I » 

—1. 

6. 

(i  1 

0 

4.815 

4.  »15 

0 

2.82 

0 

t, 

2.  1 

0 

19. 

IS. 

• 

1 

! 

0 

is.ts 

ISLtS 

0 

181 

18. 

0 

8.5 

8.875 

— .  us 

S. 

& 

0 

l.» 

1.27 

4..0I 

.75 

.77 

+.08 

4.SS 

3. 

4.80 

3. 

4-.a5 
« 

1.25 

1.15 

0 

18.625 

18.  625 

0 

1.25 

12.'.  , 

0 

3. 

0 

11.25 

0 

r>. 

5. 

0 

0. 25 

fi.2S 

0 

20.5 

20. 9  , 

-I-.4 

4.  H7r, 

4-.  12 

'if  ■ 

0 

4.  45 

4.46  . 

0 

8.5 

8.5  * 

0 

WBIGBTS-COMPONENI  PABl'^. 

iVvndbi; 


Tube  and  OMiiag complete   17,375 

Two  aide  atrmpe   3.285 

TruHHuni    I,3»r7 

Breech  blork   *                            ..      ,    ...  4«5 

Br©eclt-«crfW                                                                                                                 . .  275 

Tappt't  b-vcr     47 

Bnuta  WHHliei  and  l)reecb-Kcr*iw                                                                    . .   9 

Bult  for  bn-vchacrew   2.5 
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Saddle  with  Iii^h   flB 

Fonr  bolts  for  aaddle   6 

Pin  in  liigswf  aaddl*   LS 

Bracket   It 

Piniabnolnk   !.» 

Link   14 

Pinion  shaft   M 

Two  crank*  for  MUiM   17 

Two  pinions   IS 

T^o  8«'fniiental  gaan   U 

Two  bm.sM  wufam  OD  tnuMhw  of  tnbo   16 

Eight  boIt«  for  MBO   8 

Two  brm»  platMOB  tWlMM  qf  tlUMBl   19 

Sight  bolto  for  iMM   8 

ToCdwaiflitof  gna   AM^f 

PrMMOderance; 

Bnweh  preponderaaoe  on  lotdlnc  tmnnioni   M 

Muxzle  ini  ponderaneeoia  flring  trnnnionH   t,SIM 


I  €«rtil^  that  theforefurtBg  npoit  i«  oomct. 

D.  A.  LYLE, 

▲noon  7,  USA. 
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REPORT  OF  THE  CHItiF  OF  0&DMANC£. 


RXPORT  OF  MBCffdiriCAL  TBSTS,  MADE  WITB  lEfB  UNITBD  STATMB 

TESTING  MACHINE,  CAPACITY  800.000  POUNDS,  AT  WATERTnJTN  AR- 
SENAL. MAJSS^  FOE  THE  ORDNANCE  DEPARTMENT^  U.  6,  ARMY,  fVASM' 

TBBIB  BT  tension:  SIX  SPBOIXBNS  OP  WHITWOBTH  8TSBI.  FBOK 

TUBS  OF  KANN  GUN. 

JillM4,  1884. 

SHkk  tkowfmg  potMom  of  Mtifplm  kikatfrom  Mtofor  of  Uibe  vf  Jfom>  f  wi. 
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JJZ 


i..MaTkoD  bar, 


W.  T. 


;  diametec,  .504  inoh ;  MotloD«l  arm,  .25  sqiiaro  inch.] 


Applied  loads. 





*  cr 

l;ll>11  Pvl^ 

inch. 

iooli. 

Poundt. 

Found  «. 

-  - 

//!<"/». 

250 

1.000 

0. 

1 ,  *J30 

5,000 

.000200 

2,500 

10,000 

.000400 

3, 750 

16,000 

.000700 

6,000 

20,000 

.000790 

0,250 

25,000 

.001000 

7,500 

30,000 

.001150 

8»750 

35,000 

.  001200 

10,000 

40,000 

. 001400 

10,250 

41,000 

.001600 

10,500 

■41:,  i>()o 

.  It'll.'.OI) 

10,750 

ill,  OOU 

.  Oo5  .'>.')iJ 

11,000 

44,000 

.  001550 

11,250 

45,000 

.  001600 

11,500 

40,000 

.  001600 

11. 750 

47,000 

.  001050 

12,000 

48,000 

.  001700 

12.250 

49,000 

.  001750 

12.500 

50,000 

.  001800 

12,  750 

51,000 

.001900 

1.'},  i'<iii 

52,000 

.  0019.V) 

13,250 

53,000 

.  002000 

13,500 

54.000 

.  002100 

13.750 

.002900 

14,000 

14, 2.'>0 

57,000 

.009400 

14,500 

58.000 

.003580 

14. 750 

59, 000 

.  002700 

15,000 

60,000 

.0020S0 

A1  AAA 

•  003200 

15,500 

62. 000 

.  003600 

1.').  750 

63,000 

.  diiiiioo 

16,000 

64,000 

.  (tfU7.">n 

16.250 

n.'i,  nm 

.  (jO.'rjiKi 

18,  500 

iKMi 

If.,  750 

t;7.  ow 

17.  Oi)>i 

r.s,  lit II) 

.007i-!'rll 

17,  -JoO 

(■.;t,  Df  Hi 

.0OH3r.li 

17,600 

70,  000 

.0O9.V>i) 

18,000 

72,000 

.010K.O 

18,500 

74,000 

.013500 

19,000 

76,000 

.  015'2.W 

10,500 

78,000 

.bl7I50 

to,  000 

80,000 

.  019400 

aD,600 

82,000 

.021080  ! 

SI.  000 

!H.0O0 

.004400  ! 

tl,500 

86,000 

onuoi 

.OMOOO' 

S2,000 

88,000 

22,500 

90,000 

.083560 

23,000 

92,000 

.0S80 

23.500 

94,000 

.0375 

24,000 

90,000 

.0450  , 

24,500 

!>  J,  000 

.0650 

26,000 

JOO,  000 

.0650 

25,500 

102,  000 

.0775 

25,9«0 

103, 920 

.1200  1 

sa^Mo 

I 

L 

Sncces- 
Hive  •'Ion 
Katiim 


Inch. 

0.  I 
.000200 
.000200 
.000300 


.000150 
.  000050 
.  000200 
.000100 

I). 

-  (tiH)0;'ii 
t). 

(I. 

.  OOOiiSO 
.  OOOO.V) 
.000050 
.000050 
.000100 
.000050 
.000060 
.000100 
.000100 
.000160 
.000080 
.000150 
.000160 
.  O0O2.'"iO 
.  0002.TO 
.000100 
.  (*'1O400 
.  (MHVT.'iO 

.  tii>()4:.o 
.  (»it<it:,i)Q 

.  (Hlii'.HH.I 

.  niiiidO 
.  (K)1450 
.  002650 
.001750 
.001900 
.002250 
.OOMOO 


Sacce«- 

Perma- 

sivt> pnr- 

nent  set 

luHUfnt 
ant* 

Inch, 

Inch. 

0. 

0. 

.  0. 

0. 

.000050 

.000050 

.000100 

.000050 

.000160 

.000060 

.000150 

0. 

.000150 

0. 

.000150 

0. 

.000160 

0. 

Xtoouurlcs. 


Initial  lowt 


.  0O3.'»5O 

.001450 

.0025 

.0075 

.0100 

.0100 

.  0125 

.0426 


.000150 

a 

.OOOSBO 

.OOQlOO 

.000400 

*  .000800 

.ooiioo 

.000650 



.OOMO  i  .OOMBO 

  ■ 

.006850 

.003800 

SM«  limit. 


Micrometer 
moved. 


re- 


Ultimate  ntrongth.  ^ 
JLoad  at  time  of  S 
mptare.  i 
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RKPORT  OF  THE  CHIEF  OF  OBDMANCE. 


GENERAL  SUlCMAltr. 

flnecific  (TT  ivity  

ITar<hi«".HH  ,  

T«  iiHik<  sticnj^tli  pet  square  inch  nf  ortKioiU  M'Ctuiu  ponndn.  Iu3,  J<:o 

Elastic  limit  fH-r  s'luan-  inch  of  uiif(Uuil  McikiaB  do  . .  53,  OOO 

Elongation  per  int  o  aftc-r  luptare  inch..  0.1525 

EloDKatioii  iKT  inch  iintl)^  strain  at  <-lai«tic  limit.. •..•«.•.••••«•*.. .•••.•....•••*••  do...  .0020 

Keduction  lu  (liaiu<-tor  at  poiut  of  rupture                                                                  do  .094 

RedncUon  in  ar.  a  after nptan,  pf  eOOtmn  Of  orlgtot  —rtl»0   30.8 

PosiUonof  ruptuTQ  one-hiUf  tneh  from  neck. 

OhnMtoraCocokMimftor  flue  gimwilBr  with  iOvwylotlOT 


No.  299. 
K  


W.  T 


(Mark  on  imr,      ^ ':di«DetMr,  .5M  inch:  Motknud  mnm,  .3i  •qiMreiaeb.) 


AppttadkMdfc 

'  Per 
TotiL    I  Rqitare 


perlaeh. 


IV'rina 
sent  aet. 


Hive  pt>r- 
maneut 


MHMV.  1  rvmuu, 
no  LOM 

Man. 
0. 

l,t» 

.000100 

2.500 

J0.0M 

.OOOSSO  i 

a,  780 

l^floo 

.000600  1 

S,000 

20,000 

.000700 

0,260 

25.000 

.000900 

7.500 

30,000 

.  001050 

8,750 

35,000 

.001250 

10,000 

40.000 

.001500 

10.2.50 

41.000 

.0015.^0 

10,  .'jOO 

42.  000 

.001600 

10,  750 

43.  OOO 

. 001650 

11,000 

44,  0<K) 

.001700 

11,250 

45.  000 

,001750 

11,500 

46,000 

.001800 

11,  750 

47,  (100 

.  ooiavi 

12,  OOt) 

4«.  O'JO 

12,  2.10 

4!t,  Olio 

12,500 

.VI,  O'lO 

.  oir.'iMM) 

12, 750 

18,000 

,'r_',  iMM 

13,250 

.  mr^.m 

13,  500 

54,000 

. 00J40O 

13,  75<» 

55,000 

.  OO'J.VH) 

14,000 

56.000 

.  OO.'TOO 

14,  2  50 

000 

.  »  »O2  "<0O 

14,  500 

.  UO.'<H)0 

14, 750 

.M).  0(Kl 

.  oo:io.'Mi 

15.000 

00.000 

.  o^  Ml 

15.  250 

61,000 

.oimso 

15.  500 

62,  000 

.0<t405i>  1 

15,750 

03.  (-00 

.0042.^) 

16.000 

64,000 

.005050  1 

18,250 

flS^OOO 

.005700 

10.500 

6«,0OO 

.000250 

lflb700 

07,000 

.000900 

17,000 

68,000 

.007050 

17,250 

09.0001  .OOMOO 

17,600 

70b  000 

.000000 

18,000 

TtOOO 

.011800 

18.500 

74,000 

.013400 

1»,000 

70,000 

.015500 

10.600 

78.000 

.017000 

20,000 

80,000 

.020060 

20.500 

82,000 

.022090 

.000100 


f 


.OOtlOO 
.008400 
.002000 


0. 
0. 

I 

t  I 

.000060  ' 
.000050  I 
.000150  ' 


Ol 


.000150 
.000200 

.000250 
.000050 
.000050 
.  0OO05O 
.  0<Ht0.'i« 
.  0O<W5O 
.  (HiOO.'.0 
,  (XMKJ.'iO 
.  (I(HH).')0 
.  ndOi'.V) 
.  I  I'M  II ','.0 

.  Ol "  1 1 ;'»!  I 

.  aooo.'.o 

.000100 
.000100 
.000200 
.000100 
.  000 1 00 

.  0001  ."SO 

.  (Mtoir>o 
.  wo:i.'H) 

.  0O05O0 

.000200   

.000800   

.000050  ,  .008350 

.000600   

.000000   

.001060  '  


.000060 
0. 

,000100 


.000300 

.000150 

*.  000850 

.000010 

•         ■ • * ■ •  • 



.000750 

.000400 

.001200  .oonto 

.001600 
.008100 


Initial  loAd. 


ElMtlollmit. 


.0020661 


under  ini- 
tial load  one  boor. 
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Total. 


P«r 
•qnara 

Inch. 


P't'indt. 

Inch. 

Inch. 

21,1100 

84,  000 

.  ii"j7r,() 

21,500 

H«,  000 

.  o'.;w>oit 

.  nu. !'.'•'(• 

22,000 

88,000 

.  03 1000 

.  riii:ii'(hi 

22.  :»oo 

90.  00<) 

.  034800 

.  oo.woo 

001) 

.  moo 

.  00.V2 

23,  500 

!M.  m) 

.0450 

.0050 

24.000 

96,000 

.0500 

.0050 

24.500 

S>8,000 

.  0575 

.0075 

25.000 

100,000 

.0700 

.0125 

as,  500 

108.000 

.06SO 

.OlM 

«S,800 

ioa.780 

.ISW 

.M80 

Pann»- 
nenlwk 
• 

Inch. 

1 

tfnooMS*  1 
iw9  per- 

Mt. 

 1 

 1 

i 

1 

  1 

KemArks. 


Micrometer 


Ultimate  strength. 
Load  at  tiflM  of* 
raptor*. 


I 


Spedfle  gravity, 
mrdnean  


GENEKAL 


SUMMAKr. 
* 


Tensile  streDgth  per  sqnare  inch  of  original  section.  poiuidH 

Hastio  limit  per  sauare  inch  of  origtaalMetltMl......  do... 

Elonication  per  incn  after  rapture.  .*......•.......  .......  .....laoh.. 

Eloti^tion  per  inch  uudur  stimin  at  elastic  lioiil  ....do... 

Bednction  in  dlanietor  afe  point  of  raptUO  do. . . 

Bednction  in  area  aftMrnvdm^  p«r  OMftnm  of  origliMl  wothm  

f oittlom  of  mptnxo  wio-hrif  laoh 

if  moIhb  forflMe  flBegrMuilMMllYWTlmwi  daIlapot«telNaiiite«Mi 


7.  %m 

24. 12 
102, 760 
54,000 
0.1O75 
.0024 
.104 
S8.6 


No.  m 


^  F — =^ 


TotaL 


Poundi. 
230 
1,250 
2,500 
3, 750 
5,000 
0^350 
7,600  . 

lotmn  - 

10.  SW  ; 

10,  m 

lOiTSO  I 
11.000  1 

11.2.'50 
11.500 
11, 750 
12,000 


Mtton 

UMh. 


I 


4nooea>  • 
tionper.  ^^^^^  |MDt«6(. 

I 


I  Eloiii:n- 


SucceM- 
Hive  per- 


Uemarks. 


Pounds. 

/»»<•/.. 

Tnth. 

Inch. 

Jim*. 

1,  oon 

0. 

0. 

0. 

9. 

.'>,  <XM) 

lO.OtH) 
l.'i.OOO 

.  OOOlOO 
.  0002110 
.  0004.50 

.  000100 
.  000100 

It 

o:  !.::.:::::: 

0.      1  ■« • •* • •  •  • 

20.000 
25.000 

.000550 
.000600 

.  000100 

.000050 

0. 
0. 

SO.OO^J 

15,000 
4»,9» 

41.000 
42,000  ; 
411 000  ! 

.000800 
.001000  1 

.oouoo , 

.WISSO  i 
.fOUOO  1 

.ooiaN 

.  000200 
.000200 
.000200 
.000060 

0. 
0. 



.OOfOBO 

44.000  1 

45.000  ! 
40.000 
47.000 
48,000  ! 

.00U5I 

.ooiaso 

.001400 

. 001400 
.001450 

mm 

0. 

0. 

.000060 
0. 

.000060 

Initial  hMd. 
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TotaL 


15.  260 

12,600 
12. 750 
13.000 
13,250 
13,500 

13,  7:>o 

H,  0O(» 

14.  2'>0 

U,  .'.<H> 

14,  7 -A) 
15.000 
l^250 
15.500 
15.750 
Hi,  000 

16,  2V) 
16,500 
18,780 
17.000 
17.180 
17.800 
18.000 
18^500 
19.000 

19.  500 

20,  000 

20.  500 

ai.  000 

21.  500 

22.  000 
22,500 

23.  000 

23.  :m 

24,000 
34. 500 

25,000 
'25,500 
26,  000 
26,500 
20,  MO 


Vor 
square 
inob. 


40.000 

50,000 
51, 000 
52, 000 
53,000 
54.000 
55,000 
56.000 
57.  000 
."W.  000 

59.  000 

60.  000 
61.000 
«2,  000 

6;j.  000 

64,000 
65.000 
06,000 
C7.000 


Elonga- 
tion u«r 
inon. 


Jmak. 
.001480 
.001500 

.001600 
.001650 
.  001700 
. 001750 
.  OOIHOO 
.  002000 
.  002200 
.  002250 

.  ms-ir-o 

.  (K)'J.5*;0 
.  (M<2.V'>(i 

.  <K»31t)0 
.003450 
.003900 
.004400 
.005080 


70,000 
72,000 
74.000 
78,000 

78.  («X) 
80,  000 
H2.  000 
84.000 
86,  000 
K8.  000 
HO,  0(1(1 
1»2.  000 
94,  000 
W.O00 
08.000  i 
100.000 
102.  OOO 
104.000  I 

106.000 ; 

106.560  I 


SucceM.  I 
ive  elon- 


Pcrn»»- 


.010890 
.013000 

.014350 
.  016500 
.018.500 

.  020850 
.  023200 

.  025800 
.  *c.'ST5ii 

.  (i;iOi«5o 
.  imwo 

.  0.i8250 
.  0425 
.  0.500 
.  0600 
.  06.50 
.0«75 
.1226 


I 


.001600 

.002300 
.002190 

.001350 
.002150 

.  002000 

.  o<r2;i5o 

.  0(J2350 
.  0(  »2600 
.  ii(i'_'050 
.  002200 
.003050 
.003350 
.  004250 
.0075 
.0100 
.  00.50 
.0225 
.0860 


g»tion  I  nent  set. 
pirlaioli.1 

I 

a 

.000060 

.000100 
.000050 
,0000.50 
.000050 
.  0000.50 
.000200 
.  0(i0200 
.  000Oj<t 
.  000 1 00 
.  000150 
.00005(» 
. 000200 
.000350 
.000350 
.000450 
.000500 
.000880 


Ivo  i>fr 
mAoeot  I 

~l 


.000800 


.000700 


.OOOMO 


MionMiMiter  r«< 


TTItliiiMtt  __   


OKNBBAL  SUMMAXT. 


.Suocido  gttcfikf  •••..•..•...••■>•....«••■••••..............•••....  

HardneM   .....■.•••*,.,....................... 

Tensile  gtrength  peraqoaro  inch  of  original  Mctloa  .....poiuida. 

Blaatic  limit  per  Moareiooh  of  original aeotka  do. .. 

Xlongation  per  incn  after  rapCure   inch 

BonKation  per  Inob  under  •fmtn  of  elaatfo  Haiit   do . . . 

Sedaotion  u  dlMiMter  at  point  of  roptare   do .  . 

BedncUon  in  arf>a  after  rapture,  per  rentnm  of  orifcinal  aeotion  

Poaltion  of  rapture  tbrev-fourtha  inch  t>om  nwkT 

ChMnotat-  of  broknn  snrflMe  gmnnlar,  alhrwry  Inntar.  with  doU  apoit 


108^880 
55.000 

aisso 

.0010 
.084 
27.6 


xo.aoi. 
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FenoA- 

IMBtMk 

Bwooo 

maaent 

Inch. 
0. 
0. 
0. 

«i 
a 
a 

fli 

Inch, 

0. 

 1 

.000100 

.000100 

.000100 

0. 

• OOQOOO 

.  001000 

.003850 

.002850 

I 


TotaL 


Per 
Aquare 


KloDga- 
tloo  per 
taofi. 


;;ati<>u 
l>(>r  iuch. 


Pottndt. 

Pmmdt. 

Inch. 

250 

1,  (KJO 

0. 

I.  -J'M^ 

5,000 

. 000050 

2.  500 

10,000 

. 000200 

3.  750 

1&.000 

.000300 

5,000 

20,000 

.000500 

0.2S0 

28^000 

.000000 

7.600 

20,000 

.000800 

8,780 

88,000 

.001000 

10.000 

40.000 

.001100 

10,250 

41.000 

.001100 

10,500 

42.000 

.001180 

10.  750 

43,0C0 

.OOll.'iO 

11,000 

44,000 

.001200 

11,  '.'.%<» 

4.'),  itiH) 

.001250 

11,  .'.00 

46.  (M)0 

.  001300 

11,  750 

47,  (H)0 

.  001350 

12,  (Hi*» 

48.  000 

.  001400 

12.  2.'»0 

49.  000 

.  001430 

12.  rm 

.■>(>,  OOi) 

.  001500 

12,  T.'.ii 

51.0110 

.  OOKkHt 

13,  000 

52,  000 

.  l)016.'"K) 

13,  250 

53,000 

.001700 

13,500 

54.000 

.001750 

13.  750 

55,000 

.  001800 

14.000 

.'■»6.  000 

.002100 

14,250 

57.000 

.002250 

14,500 

58,000 

.002U0 

14,  750 
18^000 

80,000 
60^  000 

.002800 

.OOtlOO 

15,280 

61,000 
0,000 

.000800 

15,800 

.004000 

15.760 

61,000 

.004560 

10,000 

64,000 

.008450 

16.250 

65,000 

.0051)50 

16,500 

66,000 

.  00«o:8) 

16, 750 

67,000 

.  oo75:.o 

17,000 

68.000 

, 008600 

17.2.'iO 

fill,  000 

.  o(nt:«".o 

IT,  .Vm) 

"0.  (100 

.  OHM.-i** 

IH,  (Mill 

72,  im 

.  oi2i:.o 

18,  :m 

74,  000 

. 01400O 

19,  0<H) 

in,  ocH) 

. 01 0250 

lit,  .V}ti 

.  <ils_T.<i 

20,  (MX) 

80,  000 

.  020(iOO 

20,  rm 

82.  (8(0 

.022600 

21,000 

84,000 

.025600 

21,500 

86.000 

.028150 

32,000 

88,000 

.080700 

22,600 

80,000 

.034800 

28,000 

•tooo 

.088880 

2t.S«0 

.043260 

HOM 

9t^m 

24,  IM 

!062S  1 

28,000 

100,000 

.0675 

20, 800 
28^  MO 

102.000 

.0750 

io;<.  840 

.0800 

Inch. 

0. 

.000050 
.000150 
.000100 
.000200 
.000100 
.000200 


.000100 

a 

.000060 
0. 

.000050 
.000050 

.000050 

.  000050 
.  omyrM 

.  000050 
.  0(UH).')0 
.  OOOIUO 
.  000050 
.000050 
.000050 
.000050 
.000300 
.000160 
.000100 


.OOOfiOO 
.000550 
.  000900 
.000500 
.  001000 
.  000000 
.  0O1050 
.  000750 
.  U(M  K'O 
. 001700 
.  OOlKSO 
.  ()022.V» 
.  002000 
.  002350 
.002000 
.003000 
.002550 
.002550 
.003000 
.008700 


.008000 
.0043 

.0150 
.0075 

.OO.V) 


Initial  load. 


Miaroiaeter  ro. 


21^000 


I'll  iiii.ito  strength. 
Loud  at  time  of 


I 


I 


OBXBRAL  BUHM ABT. 

fm"^   7. 

--      25.78 

 I  «trtn;;lti  i  iii<  li  <>i  >>!  i;;in.il  .'«-rtioo  ............................ ......poutxln. .  103,  p40 

SlMtic  limit  p<  r  ~<|iiari- iiicli  ot  oti^iiiiil  -i<  <  ti<>ii  .........................................do. ...  55,000 

Klonf(<'^tion        >■>■''>»<<<  <  rop*'!''''  ......iBOh..  0.1650 

Elonieatiun  p«'r  in>  >i  iiudi-i  Htniin  at  *-liiMti<  limit  .......do  0018 

Ke<laction  in  <liatin  t.  r  a»  point  <>1  iiij>tiir»*   ...,......do  094 

Broductiou  ill  area  aflf  r  rupture,  per  ceoUini  of  original  aecUoo     10. 8 

PloaMon  of  ropturp  70  inch  from  oabk. 

ChaiMtcr  of  brolua  aarfhc*  fine  grmnnUr,  aUTwy  Instor ;  dnU  oontOT'. 
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No.  302. 


W  T 
[Markou  bar,  \ 


diatueter,  .564  iucli ;  »«!cUuuul  urea,  .25«qu*reiucb.] 


ToUl. 


Foundi. 
250 
1.2.KI 
2,  500 
3,75<.> 
5,000 
6.250 
7,500 
8,750 
10.  (KK» 
10.  '2M 
10,  'lOO 

10.  7.% 

11.  000 
11,250 
11,500 
11,750 

12.  m) 
12,250 
12,500 
12, 750 
13.000 

ia,2M 

IS,  600 
18.760 
14,000  , 
14,260 
14.800 

ii,m 

Kb  000 
lOilSO 

15.  800 

15,750 
16,000 
Ifi.  250 

16.  .VK) 

16.  750 

17.  000 
17,250 
1".  .VHl 

l>i,  UOH 

l^.  .'>00 
19.000 

19.  .'•OO 

20.  000 

20.  .100 
21,000 

21.  .VK) 

22.  WXi 

22.  :m 

23.000 

23,  500 

24.  000 
24,500 

25,  000 
2S,070 
&000 


Per 


Elonga- 
tion p«r 
ioon. 


aivc  ulou- 

Kation 
,  per  inch. 


Peraui- 
DM*  Ml 


I 


I'oundt. 

Inch. 

Inch. 

1,000 

0. 

0. 

.5,000 

.  (moM 

.000050 

10,  0(H) 

.  000250 

.  000200 

1  .">,  000 

.  000400 

.  000150 

20.  000 

.  oooooo 

.  000200 

25.  OOO 

.  0007(>0 

.  000100 

30,  OOO 

.  000900 

.  000200 

35.  0041 

.  (HJlOSO 

.  00O150  ' 

40.  (Kill 

.  Of  1250 

.000200  1 

41.  OOO 

. 001250 

0. 

42.  000 

.  00 1.300 

. 000050 

43.  000 

.  001300 

0. 

44,  000 

.  l»0135«) 

.  OflOO.'iO 

45]  000 

.  001400 

. 000050 

46,  000 

. 001400 

0. 

47,  000 

.  001450 

.  00(K»50 

48,  000 

.  001500 

,  00O05O 

49,  000 

.0OI5.V) 

.  0000.50 

.V),  000 

.001600 

. OOOOaO 

51,  000 

. 001750 

.000150 

52, 000 

.  001850 

.000100 

68,000 

.OOIMO 

.000100 

64,000 

.008200 

.000260 

50^000 

.00060 

.000160  J 

60^000 

.000860 

87,000 
61,000 

.000500 

.oovno 

.000500 

OOlOOO 

.oo««w 

IMMRKA 
•  UUWIOV 

00,000 

.006000 

.000760 

01,000 

.000700 

'omSS  ^ 

01.000 

.ooosoo 

iooSS 

63,000 

.007100 

64.000 

.008400 

05.  iHXt 

.000000 

.000580 

66.000 

.0006.V) 

.ooooso 

67,000 

.010250 

.000600 

68,000 

.  0116.50 

.001400 

60.000 

.  0122.50 

,  mmo 

70,  WO 

.  013,55(1 

.001300 

7  J, IN  HI 

.  Ol'.l'Mi 

.  001.550 

74.  IMHl 

.  (1174.'>0 

.002350 

76,  000 

.  OlOHOO 

.002350 

78,  000 

. 022050 

. 002260 

HO.  000 

.  024»5«MI 

.  002.^50 

82.  UOO 

.  02705(1 

.  oo:!()."iO 

84.  000 

.  ort0550 

.  (Mcjnoii 

.  ia'1600 
.  o;!71oii 

^6,  (100 
HS.  000 

.  0(1  <500 

tW,  000 

.  0432rrt< 

.  0061.50 

92.  000 

.  0475.50 

. 004300 

94.  000 

.  0535.50 

.  006000 

06,  000 

.oe«)0 

.  OOtU.'tO 

9ti«,  000 

.  fl7.'>0 

.  0!.5<j 

100.000 

.  UMRt 

.  0250 

100^X80.  .1800 

.0350 

Sacoea- 
•iveper- 

BUUMnt 

set 


I 


1 


Indk. 

0. 
0. 

a 

Ol 

0. 
0. 
0. 
0. 
& 


0. 


i 


000060  '  .000060 


il'Vomoi'l 


BImUo  limit. 


I 


.000560 

.008560 

.0108.50 

.004300 

Mi<  ixHiifltor 
moved. 


U1timat«  Htruugth. . 
Load  at  time  of  . 
fracture. 


ORNBRAL  SUMMARY. 

Sj>»<<  ili<'  •iirfvitv       

Ili»rilnts.<    --  j"       ■  -  

Teusllri  str»'i»^;tli  |m  t  8<iiiart<  iiioh  of  orisciual  aectiou   pounds  .      100,  nO 

RiMtio  Hnilt  j»<  i  •.  i  iarv  iri.  h  of  oriKioal  MettoB  «lo   53,  000 

KloDfTHtion  pM  inch  afl.-r  ntjituro  inch..     0. 167SO 

Kl(>ii>;:ition  pt-r  itirli  uutl.  i  ..iniin  iit  i-lastio  limH  00198 

Reduction  iu  di.uiifter at  iwiut  of  rupture  no  104 

Kedut  tion  in  aira  after rnptiirBt  pwoontum of  otIiclMl ■••«•■    . 

PoaitiOD  of  rupture  .TO^h  trma  nepk. 

•of  nr«k«n«axflM  flaogniMilartflvnylintMrtdBlI  ~ 


Digitized  by  Gopgle 


'    REPORT  OF  TUS  CBIEF  OF  O&ONANOB. 


581 


No.  303. 


Appli«4  loeda. 


Per 

TMaL 

•quare 

inch. 

Poundn. 

Pound*. 

1.000 

1,250 

5.000 

2,SO0 

10.  000 

3. 750 

15,  yoo 

5.000 

20,000 

6.  •J60 

25,000 

7.6(iO 

30,000 

8,750 

10.000 

40.000 

1<I^2.'>0 

41.000 

10,500 

42,000 

48.000 

11,000 

44.000 

11.250 

45,000 

11.  500 

40.000 

11.  750 

47,000 

12.000 

48.000 

12,250 

40.000 

12.500 
12,750 

50,000 

51,000 

13,  000 

52.000 

13. 

53.000 

13,  5(>0 

5»,  uO  j 

13,  7. V) 

55.  000 

14.  000 

f*,  000 

U,  260 

57.  OUO 

14.500 

58,000 

14. 750 

60,  000 

15,000 
ir>,2S0 

00,  000 

ei,  OOO 

16w500 

OOO 

15,750 

fi3.  (100 

16,  000 

6».  000 

le.  250 

65,000 

10, 

AO.  000 

10.750 

67.iXK> 

17.000 

68.000 

17.^ 

89,000 

17,500 

70.  000 

18.  OOO 

72.  000 

18,500 

74..  01  1) 

19,000 

7«,  000 

19,  5tK) 

7K,  OOO 

20,000 
20.600 

80.000 

82,000 

21.000 

84.000 

21.  SCO 

88.000 

ML  000 

88.000 

tt.soo 

M,000 

•i,iM 

23.000 

28,600 

fiOOO 

24.000 

M.0O0 

24.500 

08.000 

2\000 

100. 000 

25,110 

100. 440 

n,m 

li'.n  per  •*  ? 


Ineh. 

0. 

.  000 1 uo 
.  miWn 

.  000400 

.  0(»(l8.'r0 

.  OOOnOO 
.  OOllKH) 
.  0011  CO 
.001300 
.001.100 
.001350 
. 001400 
.001450 
.001500 


,mvm 
.mam 

.001800 

.001850 
.001900 
.002050 
.002350 

.  m-sKM 
.  OO.'OSO 

.  oi  :t4:>o 

.  O039.'>0 
.  0045.',0 
.  O0.'-10i> 

.  Wr^m 
.  oc6(ir»o 

. 007700 
.  (iOH3.">0 

1 1 1 .: '  I  ;  I  h  .1 
. OOUDOO 
.  011050 
.  0117W> 
.  OIUIKK) 
.  01481K) 
.  OIOIKIO 
. 019OO0 
.  0.M450 
.023700 
.020450 
.0295.'M) 
.03:'750 
.030450 
.0;i0050 


.mm 
.mm 

.0000 
.IIM 


ipitioii 
par  inch. 


Inch. 

«. 

.  000 100 
.00014*0 
.000150 
.  (KWT350 
. 0O0150 
.0OO2UJ 
.000100 
.  OOO'iOO 

.  0 
.OOOOiMil 
.OUOOCO 
.000050 
.000050 
.000050 
.000050 


.000050 
.000060 
.000100 
.000300 
.000300 
.000300 
.000500 
.000600 
.000000 
.000850 

.  ooo5:)0 

.  0<KI700 

.  Oil  1 1)511 
.  OU'ii'i'ill 

ni  l  r.l  V) 

.  OuUSO 
.  0tH»700 

.001  i:<> 
.  ooiuoo 
.00-2100 
.  (  02100 
. 002450 
.  002250 
. 002750 
.003100 
.008-200 
.008700 
,003500 


.OlM 

.0200 
.0280 


MM  Ml. 

aMOOO- 

Inck. 

0. 

0. 
0. 
0. 

0. 

0- 
0. 

.  oooorio 
.ooooeo 

Inch. 
0. 

.06606O 
$. 

9. 

.OMIM 

.ooono 

.000400 

.002600 

.002000 

laitiAlkMML 


.000000 


.034000 


milMtoaCrenKtb 
Im4  at  ttaM  9l 


«m  OBI 
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KEPOBT  OF  THE  GUX£F  OF  OUDHAJiCK, 


eSHXBAL  BUHXABT. 

TVoitile  Htrenfrth  per  Mqnare  inch  of  oripiuti  Hocttall. .......  .........poiindB. .     100,  44C 

Blaotio  limit  per  square  iucb  ofprigiuHl  Hectiuu. ...................... ..............  do  ...»    53.  00c 

Elontratiuii  pt«r  ini-b  after  rupture  ..inch..       0.  \C2~j 

BlonKntioii  por  inch  aodt-r  Htruin  at  ol:i»tic  limit  ..»».. ».«...•.«..........«». ....do....        .  0019 

KedortioQ  in  dianiet^jr  at  point  of  riipturo  ..d0..*.dl  ■  104 

Bediictioii  in  area  aft«r  ruptnre^per  ceutum  of  origiaal MiliM.aM.   33.  6 

Position  of  rupture   ....•.......*....«•........•.•....•  ouc  half  inch  from  neck. 

CkHaoter  of  otokaa  cnriiMM  .....iM  fraaoUc  sUvoiy  lu*t«r,  doll  omtm 

4 

BT  TBNBIOll:  KIOHT  STRBL  8PB0IMXMS  FBOX  FOBQBB  F0& 

KAim  GUN* 

A%^iUiit  19, 1884. 


Breech  Hbop. 
•maHted  203?. 


marKed  SOH* 


BIT 


l4 

1 

1 

 efifgtf   

 n 

• 

1 
1 
1 

1      Bill  I 
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Ko.  394« 


I'  K 


TMd. 


250 
1,250 
2,500 
3,750 
5,000 
6.250 
7.  fKlO 
7,750 
8.000 
8,250 
8.500 
8.750 
9,000 

9,  .V'O 
9,750 
10,000 
10,250 
10.500 
10.7*0 

11,  <MK) 

11,250 
11,500 

11,  750 

12.  tRHj 
12,  -J.-KJ 

5<i0 
12,750 
18,000 
18.250 
13.500 
13.750 
14,000 
14,250 
14,500 
14, 750 
15,000 
15.250 


Per 
»qu«re 
Inch. 


1,000 
5,000 
10,000 
15,000 
20.  000 
25,000 
M,  WO 
31,  CM 
8U,  OOO 
3.3.  000 

34.  i 

35,  am 
36,000  ; 
37,000  ' 

30,  OOO 
40,  OdO 

41, 1 '00 

42.  000 

43.  U0<> 

44.  OOc 
43.UOO  , 
46,000  I 
47,  OOO  ' 

0(10 
49,0UO 
50,000 
51,  000 
52.000 
53.000 
54,000 
55,000 
56.000 
57.  000 
58,000 
59,000 
60,000 
61,000 


Elonga- 
tioii  per 
taab. 


iMl. 


.000567 
.000733 
.000833 
.000967 
.  oOluOO 
.  01)1000 

.  {w\<>:v.i 

.  ♦►oKMiT 
.  W)li:t-'i 
. 001107 
.  001200 
.  (XH233 
. 001267 
.  0013IW 

.  Mon;i;{ 
.  ooi:t<i7 

.  OOHINI 

.  oouoo 
.  ooH:i:{ 

00i4«7 
.  001500 
.001533 
. 001600 
.001633' 
.001667 
.  001700 
.001733 
. 001767 
.  001800 
.001833 
.001900 


Sqcocs 
siv»  elon- 


Inch. 

.mm 


The  tensilfl  streM 
increawsd  .0022  inok 


14,250 
14.600 

14.750 

i:>.  mi 

15,254) 
15,500 
15,750 
16,000 

16,250 

IG.  ."iOO 

16. 7:*« 

17.000 

17,  2.i0 
17,  ,'.00 

IH.  (KiO 
In,  .'lOO 
10.  OOO 
10.  '.OO 
20,  000 

.'00 

21,000 
21.500 
90;  MM 


57,000 
M.OW 
59,000 

<io,  000  ! 

01,  000 
62,000 
63,000 
6t,000 
65.900 
66,000 
67,  000 
Cf'.  ouo 
(jo,  f(to  I 
To,  OOO 
7L',  OOO 
74,  000 
7»i,  OOO 
7h,  OOO  ! 
so.  0(10 
*2,  000 
M,  UOO  1 
86.000  I 

0^  000 


.O0SO67 
Ml  4.000 
pcrlMh. 
.004267 

.006767 
.  012300 

.  01  mi 
.  U 12700 
.013967 
.  015033 
.  015767 
.  016900 
.  OlhHtiT 
.  iijOJ'iT 
o-jo7:>'! 
. 0217 i  J 

.  o.':tf'.(;7 
,  (I2;VI07 
.  o:'!'»;o7 

.03730 

.  042S3;< 
.  oMToO 
.  05fM00 
.006667 


.000167 
.000166 
.000200 
.000034 
.U0O033 
0. 

.  0<HK133 
.  01.0034 
.000066 
.OOOOM 
.000033 
.000033 
.000034 
.  000033 

.  (  

.  oooo;h 

.000033 

ft 

.  (loooas 
.  im»M 

.000033 
.000033 
.000067 
.000033 
.000034 
.000033 
.000033 
.000034 
.00003.1 
.000033 
.000067 
.000033 
.OMIOO 
OOOiM 


I'fruia-  five  per- 
ti«at  ict.  mftDODt 


Inch. 

e. 

0. 
4L 
<k 
9. 

a 


0. 


Inch. 
0. 


.000038 


.000033 


poond*  per  •qoare  iaob,  wMto  Htm 


XlMtfeUBiit 


.002500 
.005533 
.000033 
. 000367 
. 001267 
.  001066 
.000734 
.001133 

.  oona7 

. 000^00 
.001466 

.  00 1000 
.  oulS».U 
.  002:1.10 
.  IIIK1700 
.  00:;.- .'13 
.Clo:l^r^^ 

.  (M)'.0(JO 

tMt!i;i87 

. 004000 
.0I09fi7 
.OtOttS 


.  01-1207 

.014200 

Micrometer 
moved. 


re- 
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aiHBBAL  nmiusT. 


Specido  gmvUlf . 


tk>43 


M.56 
M.OM 
•1.000 


Hpecin 
Hudii 

Tensile  stresicth  per  eqoAro  inch  of  orifiiDAl 

JUMtiO Unit  per  Hqaare  inch  of  original  aection  ...7...do. 

IPimgrtltrB  prrr  inch  after  rupture  ............iMd 

Xloagation  per  inch  under  •tc»io  at  elMtto  Hmlt  ...d* 

Reduction  in  diameter  at  point  of  rnptan  ..do. 

Sedactkm  in  area  after  roptani  per  oeatnn  of  orlgliul  aeotloD  

lofniptuto  .tT.  .nMBOBBOoK, 

■  of  M oeetloaa  Itliwh.  Jt lash (.ftlM*Swtan< mS» 


.064 
sr.t 


Ko.  395. 


[Wukaonbor  "^^'3:  dlametor.  .Sfiinoh;  MeUonai  atoa,  J»i«aaniaah.J 


TMaL 


Per 
nquHte 
inota. 


260 
1,250 
2.500 
3.750 
SbOOO 
8,250 
7.600 
7,750 
•,000 
8,260 
8.600 
8,750 
fl.OOO 
9,  250 
0,600 
9.750 
10,000 
]0.2j0 
10,600 

10,  750 

11.  ooo 
11,250 
11.500 
11.750 
12.000 
12,250 
12.500 
12,750 
13,000 
13.250 
IS,  600 
IS,  750 
li.000 


1.000 
5.000 
10.000 
15,000 

50.  000 
26,000 
30.000 

51,  000 
3i,000 
33,000 
34.  000 
33.000 

36.  (m 

37.  000 
n>^.  000 
39,000 
40,000 
41,000 
42,000 
43.  000 
44.000 
45,000 
46,  000 
47,000 
48,000 
40.000 
50,000 
51,000 
52,000 
63,000 
64,000 
55,000 
66,0U0 
67.000 


tion  per 


Jnek, 


alvo  elon 
fCaiiuu 
porlMh. 


Jnek. 

•l  - 
.OOOllt 


neotaet 


•l 
«i 
•i 
ft 
•I 
Ik 
01 


.000807  .000100 

.000733  . 000108 

.000000  .000107 
.000083 

000007  .  000034 

000907  0. 

001000  .  0O(Ki33 

.001033  .000033 

.001067  .000034 

OOllUO  .000033  I  

.OOlUa  .000038  I  

.001167  .  000034   

.001200  .OOOO  il  !  0. 

.001233  .OOOO.a  '  

.  001907  . 000034 

.001800  .  0000(3 

.001333  I  .000(»3 

.001367  I  .00003* 

.001400  .  0000.13 

.00143-1  I  .000033 

.001467  ;  .000034 

.001500  {  .000033 

.001533  I  .000033 

.001600  I  .000007 

.001633  .  000033 

. 001607  .  000034 

.  001700  .  oooo:» 

.001783  .000033 

.001883  )  .000100 

.OOWOOl  .000007   A   BMttoUmit. 

Ihotwwile  atrees  Ml  4.000  poodda  per  aqpaio  faoh,  white  IkoelonxaOM 

OTMMod  .0018  Inoh  pw  liieL 

   Pj^^ 


Snccea- 
ftive  per- 
manent 


Inok. 
OL 


1%280 
]%800 

1IL7N 
14. 00* 

14.280 

14.  .VX) 


SO.  000 
84.000 
68,000 
60,000 
87,000 
58,000 
60,000 


.018800 
.014107 


.001188 
.000007 
.001600 


.•13167 


Digitized  by  Google 


BBPOBT  OF  TBB  CHIEF  OF  ORDMAHOB. 


826 


Applkxi  loadfc 

Pi-r 

TetaL 

inch. 

Poundt. 

Pounds. 

IS.  250 

81,000 

IKMO 

8^000 

UL7M 

88^000 

14  «M 

84.008 

8S.000 

ie.500 

88.000 

ie,750 

87,00d 

17.000 

88,000 

17,250 

88.000 

17.500 

70.000 

18.000 

72,000 

18,500 

74.000 

10,000 

78,000 

10,600 

78.000 

20.000 

80,000 

20.600 

82.000 

21.000 

84.000 

21,600 

m.  000 

21,780 

87. 120 

Miptr 


Saoccw- 
•ive  clon- 
KBtion 


Inek. 

.016587 

.000800 

.017907 

.000800 

.018800 

.001233 

.oms? 

.001587 

.Mtm 

.001788 

.MKMf 

•  JjH^QO 

.MUU 

.flINOO 
.037800 

.oouoo 

.001400 

.080487 

.00>087 

.088000 

.008888 

.087333 

.004888 

.042187 

.0O«884 

.048287 

.006100 

.067287 

.000000 

.0887 

.009433 

.0833 

.0166 

.1100 

.0267 

.1507 

.0407 

Perm*- 


Succes- 
sive p«r- 
nuDent 


.007800 


Klerometcr  r«- 


Ultlmate  •trength. 


Hard 


ifle  gntrfty. 
'neM . 


Tensile  Rtr<>Dgth  pf^r  nqnar*^  inch  of  orisioal  MOtioD...  •....poiuida., 

Xlutie  limit  per  Mjaarc  iuch  of  orif(iaiiaMiliaik.>i««>«>*«»**« •••••■•••■••do. ..; 

Xhm^ation  per  inch  aftvT  mpltire  

Xlonf(»tion  p^T  inch  nncU'r  Mtram  Ht  eliMtic  llndfc. 

Bedaotion  in  diameter  at  point  of  raptare  

Kedaction  in  area  tkhir  imtaNi  pw  f^^yir  of  < 


.inch. 


87, 188 
67.008 
0.19 
.001008 
.094 

 ,  ,^  ^     30.8 

Poaitinn  of  mpturo  25  inch  from  neck  ;  obUqoe  fracture, 

(Character  of  brolcpn  aarflm   ailky,  containa  apota of  dmerent colore. 

XkncaUos  of  iaoh  MettaM  Oft-iaoh.  .iO-meb  (.aO-M  toctsnd  •••ttan). 


No.  396. 


[Marke  on  bar,  R.  B.t ;  diamotor,  .M  uiuh  ;  »ecttouui  area,      aqoare  iMh.) 


Applied  loads. 

Slooga- 

tion  per 
incn. 

Rucooa- 
aiv«>  elon- 
gation 
periadk 

PeriBft. 
nwtMt. 

Succes- 
•ive  per- 
manent 
aet. 

TotaL 

igwra 

Intk. 

Inth. 

Inch. 

Jiidk. 

1.000 

0. 

0. 

0. 

a 

Initial  M. 

1.250 

5,000 

.000087 

.000087 

0. 

a;s60 

10,000 

.000200 

.oo-iiaa 

0. 

8.780 

16^000 

.  00OT67 

.000167 

0. 

5.000 

20,000 

.  ooav« 

.0t>0!«0 

0. 

8,250 

2f..  OOO 

.  OOdfklT 

.  muH 

0. 

7,500 

.30.  OiiO 

.  tKH)VOO 

0. 

T.  750 

31.000 

.  mY.m 

.  IKK)(»33 

8,000 

000 

.  0009.(3 

.  000033 

8,2."»0 
8.600 

000 

34.000 
tSkOOO 

.  a00967 
.001000 

.•olsn 

.  WHm\ 

.000033 
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Applied  load*. 


Potmdt. 
9,000 
0,290 
0,600 
9, 7  SO 
lO.OOO 
10,250 
10.500 
10,750 
11.000 
11,250 
11.5<t0 

ii,7r><j 

12,  000 
12,250 
12,500 
12.750 
18.000 
13.250 
U.600 
It.  750 
14,000 
14,250 
14.800 
14.750 
15,000 
15.500 
10.000 
16.500 
17.000 
17,500 
18,000 
18,500 
19.000 
10,500 
20.000 
20,500 
21.000 
21.500 
21,  fl«0 
U.S00 


■qiiMe 


88,000 

37.000 
38.000 
39.000 
40.000 
41,000 
42.000 
43.000 
44.000 
i\  000 
46.000 
47  000 
4X,  000 
49.  000 
50.000 
61.000 
52.000 
53.000 
64.000 
6^000 
56.000 
57,000 
58.000 
60.000 
60.000 
62.000 
64.000 
60,000 
68,000 
70.000 
72.000 
74.  000 
78,000 
7H.  000 
80,  0<)0 
82.000 
84,000 
88,  OitO 
86, 720 


tioD  per 
inoa. 


Inch. 

.001007 
.001100 

.oon;{3 

.001107 

.  001 2:« 

.008933 
.008087 
.009000 
.009033 
.009300 
.009567 

.0lo2.^^ 

.  Oli>!J<)7 
.012233 
.012667 
.013887 
.  014367 
.015483 
.•16867 
.tlTMT 


.OB600 
.024500 
.027000 
.030000 
.033000 
.037533 
.  04  -2000 
.  04  V2C7 
05o6*i7 

.  o:.7mi7 

.064667 
.0767 
.0967 
.UOO 

.int 


8aoof»- 
alve  alon 
gfMou 


Inch. 
.  mH)(>34 
. 000033 
.  0000.1,3 
.  0ODo;U 
.  000066 
.0O44M 
.003288 
.000094 
.000033 
.000033 
.000207 
.  00  )2fl7 
.  OOOOflfl 
.  000731 
.0012rt6 
.  000434 
.001900 
.000700 
.001006 
.000934 
.0»14«t 


.001207 
.001000 
.003500 
.003000 

.003000 
.004.'i.T3 
.  004467 
.  003267 
.  005400 
.  006400 
. 007000 
.  012033 
.0200 
.0283 


Inak. 


0. 


.OlOOt 


SoeoM- 


.008033 


.0066M 


BMttoUaaU. 


Mlorometer  n- 


TJ]timat«  strength. 
Load  at  time  of 


feooUle  gntitj  

HardnoM  

Tenaile  atrenictli.  per  aqaare  inoh  of  orislDal  aeotfon   .ponnda..  66,710 

■laatio  limit,  p«r  aqntire  ioch  of  origioalaeotioD  do   40. 000 

EliTDKatJon  per  inch  aft«r  rapture  inch..  0.24 

IloDKation  pnrinch  nnderatrain  at  elastic  limit  do...  .001233 

R'viuctioti  in  (iiamt^ter  at  p4iint  of  rupture     do...  .134 

BcJnction  in  iiroa  after  rupture,  per  centum  ot  uriKin  il  »««ction   4L  9 

Position  of  rnptoro     ...   1.05  Inches  from  necku 

Character  of  broken  surf»c:e  doll  ailky.  40  per  cent. ;  fine  fn^nular,  60  per  cent.  Tbn  bar  parted 

llntiBtheailky  aeotioii.  » 
Blongfttion  of  iooh  MOtiona  15  inoh  .24  inch  (.33  inoh  Craotnrad  Mottaa). 


HU 


No.  397. 


(Ibritaoo  bar,         '  diameter,  .504  inch ;  aactioaaljaraa,  .25  inoh.] 

Digitized  by  Google 
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827 


Pounds. 
250 
1,250 
2,500 
3,760 
5.000 
e,250 
7, 500 
7.  :5<) 
8,000 
8. 250 
8,50(. 
8^750 
0,000 
0,250 
0,500 
9.  750 

10,000 

10,250 
10.500 
10,750 

11,000 
11.2.10 
11,  SOO 

11.  -.v) 

12.  000 
12,  2.'iO 
12.  50(1 
12,750 
13.000 
13,250 
13,500 
13,750 
14,  OtJO 
14.250 
14,500 
li,180 
IflCOOO 
Ifl^SOO 

10^  too 
10^  sot 

17.000 

17.500 
18.000  I 
18,500 
19,000 

]  9, 

20.000 
20,500 
21,000 
21,500 
SI,  780 


Pounds. 
1.000 

5,000 
10.000 
15.  GOO 
20,000 
25.000 
30,  (KK) 
.'il.  UOO 
32,000 

000 

34,  000 
35,000 
36.000 
37,000 
38, 000 
39,000 

40.000 

41,000 
42,000 
43,000 
44,000 

4.1,000 
4fi.  f  .00 
47,  000 
4H,  0«)0 

49.  000 

50,  000 
51,000 
52,000 
53,000 
54.000 
55.000 
5«,000 
57,000 
58,000 
80,000 
00,000 
83,000 
0«,00€ 
08,000 
68,000 
70.000 
72.000 
74.000 
76.000 
7H.000 
80,000 
82.000 
»4,()00 
86,000 
87.000 


Elonga- 
thm  p«r' 


Inch. 

0. 

.  000067 
.  000233 
.  0OO4OU 
.  000 .'>67 
.  0007XK 
.  OlHifKHj 

.  0(Kin3:i 

.  OOOiMiT 
.001000 
.001033 
.001007 
.001100 
.MIUI 
.0019M 


.OOIMO 

.005207 
.0056SS 

.00.1967 
.00643.1 
. 007267 
.  0080:t3 
.  OOKOOO 
.  OlitU-l.T 

.  I)ll»l<l0 
.  Ul 1000 

.011000 
.  0127o<) 
,  01iM3.'< 
.014500 
,015000 
.016438 
.017600 


.  OBIOO 

,024067 

.026767 

.029767 

.032967 

.0:i60t>0 

.040000 

.044167 

.049333 

.050000 

.064000 

.  0733 

.0867 

,1100 

.1700 


SacceR' 
.sive  elun- 


Inch. 

0. 

.  000067 
.00016^ 
.000167 
.000167 
.  000 1 fid 
.  000107 
.  00(H)33 
. 000034 
. 000033 
.0*10033 
.000034 
.000033 


.oeoMo 

.000334 
.  000406 
.  000834 
.  00<l76(; 
.000867 
.  0O0.VJ3 

.  Ot'OOtH) 
.000900 
.0O0j«OO 
.  000733 
.001067 
.001100 
.000633 
.001167 

«ooorai 
.Mun 

.001100 
.001500 

.001067 
.002700 
.003000 
.003^ 
.  003033 
.  004000 
.  0<'4167 
.  <Kj"  lOii 
.  00<''ti(17 
.  00(^000 
.C0»3 
.01.14 
.02;{3 


Perma 
% 


0. 
0. 
0. 
0. 
0. 

a 


.00t867 


Saccea- 
«lve  per- 
il 


Inch. 

0. 


,006433 


.014188 


OlMOO 


,002566 


Miorometar  !»• 


nitim»te 
Load 
ftftoture. 


OJUrcaAL  BUMMA&Y. 

8p«clflc  gnvity   7.8654 

HardD«^M   15. 35 


TenMIn  ntr«ncth,  per  i«q(iaro  inch  of  ori||lllAl  UOtiOB  ^nndA. . 

SlaAtic  limit,  per  sqnaro  inc^h  of  odglMlMOliM  .•.•................••>.....•...«... .  «lo  . . 

X1onf!«tion  p«r  inch  ftfter ruptnrn  .....  .iaoh.. 

XtonKBtion  per  inch  under  ntrAin  at  tlMtlft  liarft  *  •  

Bedaotion  in  dia—l8c  »4  point  of  nipum  do. . . 

Medaotioa  in  M«ftallormptitn,  p«re«mof««lslMlMe8ioB  ....j. 


87,eo» 

40.08» 


.oolitt 

.104 


Pooition  of  rnptara,  1.35  inches  ftom  neck. 

CbAmoter  of  brokon  rarflMO  iiio  gnrtlar,  ladlating  from  »  dull  allky  apotat  ciroumforaiM. 

KoagMlM  Of  lack  MMtaa  .T    IT  boh  {M  tech  fkMtwrad  aeottoK).  .UMI 
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Ko.  598. 


WO 
1,950 

2,500 
3, 760 
5,000 
0,250 
7.600 
7.750 
8,000 
g,250 

t-,  r>(io 

8,  750 
9,000 
8,250 
9.500 
9,750 
10,000 
10,260 
10, 500 
10.750 
11.000 
11,350 
11,500 
11,750 
12,000 
12,250 
12,500 
12, 750 
18,000 
13,250 
13.600 

13,  7r.o 
14.000 
14,250 
14.500 

14.  750 
15.000 
15,500 
16.000 
10,500 
17.000 
17,500 
1^000 
18.600 
19,000 
19.500 
20.000 
20.500 
21.000 
21,500 
21.800 
19,500 


Per 
•qnaro 
Inch. 


Pound*. 
1,000 
6,000 
10,000 
15,000 
20.000 
25,000 

ta.Mo 

if.  000 

32.000 
SS.OOO 

rw.  000 

3:>,  (K)0 
Sfi.OOO 
37,000 
38,000 
38,000 
40,000 
41.000 
42.000 
43,000 
44.000 
45.000 
40,000 
47.000 

ftoSJ 

50,000 
51,00<| 
52,000 
53,000 
54.000 
55.  000 
56,000 
57,000 
58,000 
69.000 
(to,  000 
62,  OOO 
64.000 
641,  000 
68,000 
70.000 
72,000 
74,000 
70,000 
78,000 
80,000 
82,000 
84,000 
88,000 
87,440 


Sl0Dg»- 

tion  p«r 


Jneh. 
0. 

.000007 


.000800 

.000807 

.  0005H10 
.  0(10933 

.  (mmi 

.  WIOOO 
.001033 
.001067 
. 001100 
.001167 
.001200 
.004667 
.006000 
.006833 
.007100 
.007767 
.008367 
.000207 
.010000 


.011700 

,012388 

.013238 

. 014000 

. 015233 

.  oi.^im 

. 017000 
.  017733 
.019033 
.  020200 
.  021667 
.023867 
.026433 
.029033 
.032967 
.035667 
.039267 
.044133 


■iTeeloD- 
gat  km 


IfUh. 

0. 

.000007 
.0001X3 
.000183 
.000184 


.000133 
.000067 

.  0<»0033 
.  001  033 
.  000034 
.  0000.13 
.000033 
.000034 
.000033 
.  000»67 
.  000033 
.  003467 
.  001333 

.  ooos'r? 

.  0(iO6rt7 
.  OOOCOO 
.000900 


I* 
.0007 
.1133 
.1607 


.000000 

.000767 
.001233 
.  0(Kr70O 
. 001067 
,000733 
,  00134)0 
.001167 
,001467 
.002200 
.  002566 
. 002600 
.003934 
.002700 
,003600 
,004860 


.014807 

.0100 
,  0S08 
0534 


Perm*. 
Benlaet. 


Inek. 
0. 
0. 
0. 
0. 
0. 
OL 
«. 


0. 


013733 


.010107 


•Ire  per- 
Duuient 


Inek. 
0. 


008838 


'ntimat<'  ntrcogth. 
LoMl  at  time  9t' 


OKNK&AL  SUMMARY. 

fooelilo  gr»r^|r..,.,....  

HiirdDPM  .....................  

T«o«il«  Mtrrnffth  p«r  itqunre  inch  of  original  aectiOB....  ...................... •••••..poaDda. . 

Bbwiir  limit  por  Maarc  inch  of  orif^aT section  .do. . . . 

BloiMnttion  per  inch  Aft4»r  rnptnre   .......................................  inch'. . 

BioogatioD  per  inch  under  ntnin  nt  clantic  limit  .......................ds.... 

B4Hlootioa  in  di*inot<>r  at  point  0f  niptnro  ..........«•., 

R«duetiOD  in  arm  after  raptora^  per  eentam  of  original  aectitm  

PoaitioD  of  mptare  25  inch  from  middle  of  i 

  dull  nitty,  OOpwcoBt.,  jtmoakr,  10  por  ota^  ohiiweftilmo. 
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Pottndi. 

250 
1.250 
2.500 
8.750 
5,000 
8.250 
7,600 
7, 760 
8,000 
8.250 
8,500 
8,750 
0,000 
9,250 
0,500 
9,750 
10,000 
10,250 
10,500 
10,  750 
11.0<X> 
11.250 
11,500 
11,750 
12.000 
12;,  SM 
12.000 
12.750 
18,000 
18. 2M 
18,500 
18.750 
HOOO 
14.250 
14,500 
14, 75<i 
15,000 
15,500 
16,000 
16,500 
17, 000 
17,500 
18,000 
18,500 
10,000 
19,500 
20,000 
SO^UO 
».000 
21,500 
22.000 
22.500 
23,000 
23,880 
19,900 


Pound*. 
1,000 
5.000 
10,000 
15,000 
20.000 
25.000 
30,000 
31.000 
82,000 
33.000 
34,000 
85.  000 
3(5,  000 
37,  OOO 
3H,  OOO 
39.000 

40.  000 

41.  00(1 
4'.'.  000 
43,  000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
80.000 
51.000 
62,000 
53,000 
54.000 
55.000 
50.000 
57.000 
58,  000 
•Ifi.  000 
6<),  0(»0 

e4,  doo 

66,  000 
68.000 
70,  WKI 
72,000 
74.000 
76,000 
78.000 
80,000 
82,000 
84.000 
80,000 
88.000 
90.000 
02,000 
03.520 


i 


gnTlty. 


tkm  per 


Jntk. 
0. 

000007 


000807 
000M7 
000900 

000933 
000967 
CJIOOO 
001033 
001067 
001100 
001133 
001107 
001200 
001233 
001267 
001300 
001333 
001307 
001400 
0014» 


001600 
00I86T 
001 8S8 
001700 
004067 
006400 
007733 
008600 
009900 
011067 
012100 
013000 
OlSOOO 
017000 
020000 
022333 
024667 
027400 
030600 
034000 


0767 
0907 
1400 


Ineli. 
0. 

.000007 
.OOOIM 
.OOOIIA 


.000107 
.000107 
0. 

.000033 

.000033 
.000034 
.000033 
.000033 

.  (iO<Kl34 
.  0OO0a3 
.  000033 

.  omm 

.  000033 
.  OOOtiXI 
.  Oi'dll.'it 
.  Of  MM  133 

.  oooo:i3 
.000034 
.000088 


.000007 
.000006 

.000067 

.002307 
.0O2.^33 
.  0013.33 
. 000867 
. 001300 
.  001 1B7 
.0010:13 
.001500 
.001400 
.  002000 
.  00.3000 
.  002M3 
.  0O2.^V4 
.002733 
.003200 
.008400 


.0068 

.0184 

.0100 
.0200 
.0433 


Inok. 
0. 
0. 

a 
1^ 
t. 
t. 
01 


0. 


,004507 


SaeoM- 
•iTe  per- 


.004534 


Ke»Mk6. 


ElMtie  limit 


Load   at  time  of 
fnicture. 


OnrSBAL  OTHMABT. 


f. 


•iMiiKth  per  oqaow  iagh^rf<irij{tori 


■bMrtieltenpw  MonilMii  of  01^^       SlSS 

BhngatiOD  per  incIi  after  niptare  Ineh..  4  M? 

Stobgation  per  ioeb  onder  etrein  at  elaiMe  HmH  jAo  00170» 

Bednotioo  m  diameter  nt  point  of  nipture  174 

Reduction  in  area  afl«r  rupture,  per  centom  of  orif^oal  aeotion   52.  i 

Poaltion  of  niptnrp  ^  1.40  ioehea  firoiii  neck. 

Cbaraoter  of  brokw  anrfsoe  fine  ailky  j  onp-afaap«d  end*. 

~  ifJTtaOkfkMlWMOMttMK  ~ 


Digitized  by  Gopgle 
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No.  400. 


T 
M. 


Applied  IomU. 

BlonRa- 
tion  i)«r 
inch. 

Soccee- 

"'  ■   

Per 
sqoare 
inoli. 

s  I  ve  elon- 
gation 
per  inch. 

FomndM. 

Pound*. 

Inch. 

Inch. 

250 

1.000 

0. 

0. 

1,250 

5,00a 

.000150 

.  0001. TO 

2,500 

10,000 

.  000.125 

. 000175 

3,750 

r>,  o()o 

15,  000 

.  00m75 

.  Ot>01.50 

20,000 

. 000650 

.  000175 

8,  •i:)0 

25,  000 

000825 

. 000175 

7.  500 

30,  000 

.ooin>5o 

. 000125 

7,  750 

31,  000 

. 001025 

.  000075 

8,0iH) 

32,  W>0  1    .  OillO'.O 

.  000025 

«.  2.10 

33.  (K)0 

,  001075 

H,  500 

34, 000 

.  001125 

.  000050 

H,750 
9,000 

35,  000 

.  001150 

.000025 

r.  m  AAA 

30,  000 

JUftI  AAA 

.001200 

.000050 

0,250 

37,000 

.ooins 

.000025 

9,a<io 

88^000 

.00H80 

« 9S008ft 

80,000 

.001876 

10^000 

J  A  AAA 

.  OUlSZD 

41,000 

.001850 

.888818 

42,000 

.001875 

. 888898 

10,780 

43.000 

.001425 

. 800889 

11,000 

44,000 

.0014IHI 

.606988 

11,250 

45,  OOO 

.001600 

.600080 

11,600 

40,000 

.001550 

.000060 

11.730 

47,000 

.001000 

.000050 

12,000 

4S.  (KM) 

001750 

.000150 

12,2S0 

49,  OW 

.002000 

.000250 

12,500 

50.  000 

.  0O2.T>0 

. 000350 

12.750 

51,  000 

. 002725 

n,  000 

5-J,  OdO 

.  oo;t.'.75 

.  OOOK'iO 

13.250 

5;i,  000 

.  00-»0.'>0 

. 00 1 075 

13.500 

54,  OOO 

.  00rt7.V) 

.  00 1 1 00 

13,  750 

55,  000 

.(H19450 

.  OooToO 

14,000 

56.  000 

.  0l«il25 

. 000075 

14,250 

57.  000 

.  010725 

. 000600 

14,800 

5H,  0(KI 

.011725 

.001000 

14,750 

59.  000 

.  012300 

.  000575 

15.000 

m.  OOO 

. 013525 

. 001225 

16,500 

02.  000 

.  015300 

.  001775 

18.000 

tU.  000 

.017000 

.  001700 

10,600 

06,000 

. 019375 

.  002375 

17.000 

e«,ooo 

. 022025 

.002650 

17,500 

70,  000 

.024300 

18,000 

72.  000 

.027000 

.  Oit2700 

18,  500 

74,  000 

.032025 

. 005025 

19,  (KK) 

76,000 

.  03.{525 

.  (K)  1.500 

19,  MO 

7H.  000 

.037500 

.  003975 

'JO.  uoo  ; 

80.000 

.044500 

.007000 

20,  500 

82,000 

.0600 

.0056 

2I.0O0 

84,000 

.0675 

.0076 

21,600 
22,000 

m,m 

.0660 

.0076 

88^000 

.8776 

.0125 

t^600 

n,m 

98^000 

.9180 

.9175 

91.180 

.1889 

.8860 

Mb  too 

Perma- 
nent set. 


Inch. 

0. 
0. 

.000025 
.000025 

.000050 
.  00t>075 
. 000075 


.000075 


Succoii- 
aivo  per- 
manent 
Mt. 


Inch, 
0. 


000025 
0. 

000025 
000025 
0. 


.000100 


.000800 


,  007450 


011850 


.000025 


.000700 


.000650 


• •••• • «• I 


iBitU 


KlMtio  limit 


Miorometer  ro- 


UltiniRtr  strength. 
Lonil   at  thM  9t 
rapture. 


«  RimTity   7. 8043 

  21.05 

I  •trength  per  square  Ineh  of  orlcinal  section  pooods. .      91. 6»0 

Blaatio  limit  p<*.r  Miaara  inch  of  orijciaal  section  do. . .      47. 000 

Bloncation  p«r  inch  after  riipliim     inch..  0.2225 

Blonfpition  lu  r  inch  imiler  Atniin  at  <'lii.-<tic  limit   ....do...  .001888^ 

Redactinii  in  <liuin('t*-r  at  point  of  rupture  do...  .194 

RcdiH-tion  in  un  a  aft^T  riiptare,  per  ^tam  of  orifinal  MwtioD...   .^7  0 ' 

Position  of  rupture  1.20  iurhcii  from  nork.  J 

Character  of  broken  Hui face. ...........  ...   . . . 6ne nilk.v.   Cup-shaped  tMifl».j 

Elongation  of  loch  aeotiona  IShieb,  .15  inch.  .26  iach  (.86  inch  fractored  aectioi 
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U1tiiiMU«  airengtb 
Load  al  time  of 
rnpiure. 


He  grsTity 


OSHK&AL  SDMMAKY. 


Tcvrtle  •trengtb  p«>r  H<{uav»  taieh  of  orisioal  eeottOB  foolo..     01, 840 

Einfltir  limit  per  saiuire  inch  of  ofiffaMl  oootioo.  '^r£." 

Elon;;Htioii  periocb  after  mptnn  ........................ID|HI«.  0L2i 

RIonKatira  per  incb  under  strain  nl  dMtie  limit  W...  *0tU>6 

RfMitirlion  in  iUamel<>r  at  point  of  niptare  W...  .IM 

Reduction  in  art-a  after  rupture,  per  retitiini  of  ortffiDoI  aectioo   57.6 

Position  of  rupture  .  1.20  Inchee  from  neek. 

Cb*r»cter  of  broken  surface     *.  fine  nilky.  Cup-abapBd  enda. 

BlonfAtlon  of  inrb  secUooa  13  mob,  .20  iucli,  .27  incb  (.36  iocb,  fraotared  aectlon). 
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APPENDIX  20. 


coyi9TRUcrioy  j^kpoht  of  an^-inch  rifle  converted  from  a  la 

ItiCH  SMOOTH-BORE  RODMAN  OUN  BY  LINING  WITH  A  STEEL  TCBE, 
BT  UBOT.  B.  9.  BOBDPy  OEDNANO  MEPAmmiT. 

(1  plate.) 

The  coTistmction  of  this  ^wn  \\\  it^  geoeral  featured  Uoefi  not  difl'er 
greatly  from  those  hitherto  made. 

The  princi  pal  jMiiiit  ie  the  use  of  a  steel  tobe,  made  Urom  a  eolid  fiorgingy 
instead  of  one  of  ooiled  wionbgt  iioD,  simplj,  or  is  eombiiurtloii  wiSi 
steel. 

T!he  piece  selected  for  the  casing  was  the  10-iuch  Hodman  smooth*hofe 

gun  No.  113,  and  waa  prepared  for  the  tube  by  borir*  ?  to  mean  diameter 
of  12.009  inches,  dnlliiig  the  gas  escape,  recessing  the  maszle,  and  oat- 
ting  the  screw  for  the  retaining  ring. 

THE  TUBS. 

This  was  febrieated  at  the  Hidvale  Steel  Works,  Kicetown,  Pa.,  of 

open  hearth  Htcel,  and  was  received  here  in  the  shape  of  a  solid  forg- 
inp:  120.75  inches  iong,  hj  14.6  inches  in  diameter;  analysis  showing  it 
to  contain— 


Carbon   .39 

Phoephorns   .  036 

Manganoaa......  .....••..«••  .*....*•••  .................  ..*•«..•,..••••••  .  89C 

SiUoon.  .146 

Bnlplmr    OSI 

Mean  of  three  laugeutial  speeiiuene  taken  from  breech  end,  as  de- 
termined at  Watertown  Arsenal : 

Tenacity,  ponnds  per  aqaara  Inckh   ^JL^'^ 

Elongatton  uftor  niptoie..... ..•.••p«r oflnt.*      22. 6 

CoDtraotion  of  area  «...  do....  30.S 

Blaatle  limit,  poandi  per  aqoan  iD«h  •   37,  SOD 


Brmek  otip. — solid  cylinder  8.7  inch  long,  and  8.65  ineh,  in  diameter. 

The  muzzle  collar  was  a  hollow  cylinder,  rongh  finished  to  7.1  inch,  in 

lenjjth,  13.75  inches  exterior,  and  11.22  interior  diameter. 

Both  collar  and  cap  were  taken  frum  an  ingot  made  for  the  Navy,  of 
open  hearth  steel,  by  the  Mid  vale  Company,  and  as  analyzed  gave: 


Carbon   .3y_ 

Plunphonu  .  .MS 

Man^aiMas   .663 

Silver   .137 

Salphar  021 

Eefort'  anneal inj;.  tenacity  per  iqaare  ineh...   77,570 

£longation  after  rnptare  per  cent..  1SL6 

ConmMtimiof  aiM  do....-  13.9 

ass  * 
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After  auiiealing  ihe^e  factors  were  7,), 500,  27.6  per  cent.,  38  per  cent. 

The  collar  wa^i  not  auncdlcd^  the  cup  wa^,  aud  though  uo  t»pe€imeus 
weie  taken  from  either,  their  propertiee  prooably  comepond  to  tfaoee 
q(  the  ingot  as  above. 

The  material  was  of  fine  quality,  antl  showed  great  resistance  h\  work- 
iQ^^  T!m>  first  nose  'b  ill  used  in  the  boring  broke  and  cam^  a 
<ieiay  ot  ibiee  Uays  iii  rciiiuviug. 

Alter  boring  to  proper  size,  the  eizterior  was  tamed,  and  the  cupi 
which  in  the  mean  time  had  been  formed,  was  iuserted.  The  fit  waa 
very  r1f)se,  two  dog's  beads  used  in  assemblinj^  beini;  broken. 

The  r  nW.  was  then  rifled.  The  calipers  and  star  gauge  measurements 
showed  a  maximum^  play  of  but  .005  inch  betweeu  tube  and  casing 
thronghoat  its  entire  iength,  except  at  the  extreme  breech. 

Owing  to  the  neoessily  of  getting  a  proper  contact  at  the  base,  while 
the  difference  of  curvature  of  the  rounded  parts  of  the  tube  and  casing 
was  preserved,  the  tube  had  to  be  inserted  and  removed  several  times 
until  it  was  obtained  satisfactorily.  Betore  the  tinal  insertion  grooves 
were  cut  on  the  base  of  the  cup,  iu  order  to  allow  any  gas  which  might 
pass  between  the  eup  and  tube  to  find  its  way  to  the  open  space  formed 
by  the  surfaces  of  different  cnrvatarea  above  alluded  to,  and  thenoe 
through  the  chnrmel  cut  in  t!ie  casing. 

The  pans  wtn  tin  u  as.si mtdi'd,  the  muzzle  faced  and  {grooved,  iioles 
for  vent-bushiug  and  becuriug  piu  ioimed,  old  vents  tilled  with  wrought- 

iron  plugs,  bashing  and  pin  inserted,  and  gun  finally  inspected.  The 
rifling  not  being  deep  enough,  the  piece  was  retnmed  to  the  rifling 

maiihine  to  have  this  remedied.  The  work  was  ins]>eete«l  -at  all  stages, 
and  the  principal  dimensions  detei'miued.  These  will  be  iband  in  the 
inspection  report. 
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£eoord»  of  mixutitrtmtnU  mtk  ttar-gauge  and  calij^»f  ^'C. — Ouutiuued. 
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Appendix  27. 


PROGRESS  REPon  T  UPON  THE  MANUFACTURE  OF  FIFTY  R-TNCIT  COILED 

WROur.HT  iKo:^  tuiies,  breech  lysKiiTiON,  for  conversion  of  10- 

INCH  RODMAN  SMOOTH' BOBE  GUNS  INTO  S-INCH  MUZZLE-LOADING 
RIFLES,  AT  THE  WEST  POINT  FOUJiDEY,  UEI^EE  OONTEAOT  DATE1> 
JUJiE  1^  1883. 

BT  UXOT.  BOGBBS  BIBinK,  JE.^  OBDSAirCB  VKPAtmOOn, 

(6  platoa.) 

The  service  n  ambers  of  these  fifty  coiled  wrougbt-iron  tabes  made  on 
tbe  iMmch-mserHoD  plfm  extend  from  No.  90  to  Ha  79,  tadoiiTe.  They 
were  made  and  rough  finished  at  this  foundry,  and  shipped  to  the  Soallh 

Boston  Iron  Works  to  be  inserted  in  the  cast-iron  casings. 

Tbe  work  was  commenced  June  0,  1883,  with  the  solid  forginrrs  for 
the  bj  t'tM  li  end  of  the  jackets.  The  first  lot  of  bar  iron  for  tbe  coilis  was^ 
received  Juue  20,  ISS^,  and  the  first  lot  of  five  tube^  was  completed 
Oetober  17,  following,  and  shipped  to  Bonth  Boston.  The  deliTOry  of 
the  bar-iron  was  completed  December  G,  1883,  and  tbe  final  shipment 
of  tubes  made  to  South  B»)8ton  A])ril  8,  1884.  This  would  have  com- 
pleted the  contract  ex('ei)t  for  the  nfcessity  of  replacing  two  tubes  re- 
jected for  defects  developed  under  the  firing  proof  following  their  in- 
sertion in  the  cast-iron  casing.  One  of  these  tubes  has  been  finished,. ' 
bnt  at  this  date  (August,  1884)  the  iron  for  tbe  remaining  one  has  not 
been  received. 

T>jir!Tif;  the  manufacture  of  the  fifty  inhp9  made  bctwp«Mi  June  6^ 
1883,  and  April  8,  1884,  a  period  of  ti  n  niDiitlis,  the  capacity  of  the 
works  was  fairly  tested,  and  gives  an  outcume  of  five  tubes  per  mouth. 
This  time  indades  the  nsnal  delays  incident  to  the  delivery  of  the  bar- 
iron  and  to  the  reoommenoement  of  this  work  at  the  foundry  after 
several  years  oessation.  After  getting  fairly  started  and  under  timely 
delivericB  of  the  iron  the  tnbes  were  tnmedpnt  at  the  rate  of  about  ten 
perniontlt. 

The  mauuiaciure  of  these  tubes  has  been  fully  described  iu  late  an- 
nual reports  of  the  Ohief  of  Ordnsnoe.*  Six  plates  have  been  prepared 
to  aooompany  this  report,  for  illustration  of  the  work,  as  follows : 

Pt  ATi:  I. — Bars  prepared  for  butt- welding  and  coiling. 

Plate  II. — Mandn'ls  ;ind  sl*'<'v«\s  used  in  coiling:  the  bars,  Fi^s.  I, 
2,  3,  and  4 :  the  dies  usid  m  ((a^nig  the  breech  cups,  Fifj.  ;  and  an 
iUustratiou  of  the  way  lu  winch  the  forged  slab  is  shaped  for  welding 
the  mnsde  oollar.  Fig.  Q.  Fig.  3  shows  the  mandrel  (or  sleeve)  at  first 
used  for  coiling  the  heavy  jacket  seotions.  It  was  soon  found,  however, 
that  the  coil  compressed  the  sleeve  so  much  as  to  make  it  diilicult  to 

*  Annual  Beport  of  the  Chimf  of  Onlnauce,  U.  S.  Anay,  for  the  year  1877,  pp.  400  to 
413}  Ibff  tke  ffx  18714,  Pp.  361  to  356,  wd  for  the  yow  1880,  pp.  104  to  196. 
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irithdraw ;  the  solid  sluift,  Fig.  4,  with  tbe  tuaal  taper,  was  then  mib- 

«tituted  for  tbo  sleeve. 

Plate  ILL — Th^  welding  pots  and  *^obeese^  used  for  coil  welding  the 
nectioDs. 

Plate  IV. — ^Details  of  the  coils,  the  welded  Bections,  and  the  eections 
piepared  for  the  tabe  (or  preas)  welding  of  the  inner  tnbe  and  jaeket 

Plate  V. — The  details  of  tube  welding  and  showing  the  average 
lenorth  of  fbe  sections  beiow  and  after  the  end  welding  with  the  poei- 

tioiks  ()t  the, jointa. 

FjLAiii.  VI. — The  oomplettid  tube  aud  lullzzIo  collar  a^  finished  ior  de* 
liTery. 

The  har-iion  need  in  the  tubes  was  manofoctored  by  Tnckerman« 
Mulligan  &  Co.,  at  the  fJIster  Iron  WorkR,  Sanjrerties,  N.  Y.  Before 
acceptance  two  specimeus  taken  from  each  (]uaiity  of  iron  m  each  lot 
received  were  subjected  to  uiechauioal  testo.  The  following  gives  a 
mammary  of  the  weights,  dimensiousi  and  mechaaioal  properties  i^Um 
tNur-iron  mipplied  to  date  imder  the  eontract  in  lots  as  received : 
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Statmtmt  of  weighUf  diiiMiMltfM,  ojuJ  meahanioal  praptrtim  tf  UhtKt  ftM^TMl  mmM  l« 


I 

O 

...  ^ 

1888. 
JoM  90 

.Jaty  8 
8*pt.  27 

o«t.  u 


a 


Dm.  9 
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a 

o 
u 


« 
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a 
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u 

a. 

c 
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70 

25 

18 
88 


426 


2i  sq.    26   6  0 


26  6 


21  .q. 

2J  8q. ;  26  6 


26  6 


24  "q. 


26  6 

26  6 

26  6 

26  6 
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456.0 

458.5 

463.6 

449.0 
454.6 
4^.5 


I 
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19,  m 
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I 
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92 
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I 
I 
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27  1 
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Knar » 
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do 


.do ... 


.do. 


.do. 
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773. 1 
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^RFa  V«*«ooo 

([IT.  S.P.  G.,  San«ly? 
)   Ueok,  K.J.  )| 
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. . .  .do . . 
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....do. 
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A3 
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A3' 

I 
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A  e 


f  B  I  ' 
B  1  ■ 

B  3  * 

B  2 
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Mcamn.  Paulding^  KembU  Jfr  Co.»  at  the  H  e*t  roiut  Fotrndrp,  under  contract /orj^ty  B-inch 
-eolUm,  hmek  inmHotir  itUMA  Jim$Vi,  1881. 
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SlnUmml  of  weights,  HmmttonB,  wd  twalWuifaMf  properties  of  UUim  Ht4rwmf 


Meoliaoleal  1 
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RkmakKB.— 8ab«iequent  to  lotii  i'o<-<«Iv(m1  .Inly  3r1,  pII  ttiiccimcnrt  for  tont  wt  ri'  tuki-n  fVoin  thi<  bare 
The  teetd  at  Sandfy  Hook  wert«  niaiio  ujxju  the  Uodmnn  tusiin^;  nuiohiue  in  oliarce  of  Li«'iit.  C  W. 
neattiruii;  proizi  t-Bitivu  e\U-nHiunH, 

NoTB.— Tho  Mtnaitard  physical  propertioa  established  tor  the  acoeptAooe  of  the  bar  iron  are:  Ulti 
teoMn  •qoal  to  4l  4  laoa. 
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theiDHHveii.  for  whii  b  purpow**  two  bar*  of  cacl)  iiii;»lit  v  wi  re  rolb-d  with  extra  Iragth. 

Wbi(>]>lt«;  tlmso  at  thti  We«t  Point  Fou!i(lt.\  upmi  tin-  muchini?  nsed  there,  which  has  no  •ppliftnoei  ftw 

ma^  (Strength  50,000,  and  eliintiu  limit  25.000  pound*  per  •qnare  inch,  with  an  exteuaion  per  inch 
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A  report  upou  the  luauuracture  aud  tosta  of  the  solid  forgiug^  for  the 
breech  ends  of  the  jackets  is  given  in  the  Annual  Report  of  the  Chief  of 
urdnance,  JJ,  8.  Aimy,  for  1883,  page  215. 

The  tabes  were  made  and  pnt  together  in  the  usnal  maimer. .  Tlieg^ 
'were  subjected  to  a  preliminary  water  to«t  of  120  pounds  prooonre  m 
Iheir  roupfh  state  imraediatoly  toUowin^^  i  lie  preas  welding. 

Some  observations  loade  upon  the  shniika^e  of  the  highly-heated  sec« 
tions,  after  fhey  were  removed  ftovn  the  welding  pots,  gave  the  follow- 
intj;  results:  A  diameter  of  16.25  inches  shrunk  0.375  inch ;  one  of  14.375 
inches  shrunk  0.3125  in^h,  and  one  of  12.25  inches  shrunk  0.25  iiuh 
on  cooling  down  from  a  ^v<'1ding  heat,  giving  the  following  rates  of 
shrinkage  per  inch  of  diameter;  0.02255,  0.021276,  and  0.0108.  The 
special  importance  of  tbis  bears  npoD  tbe  eiae  of  bore  of  welding  pots, 
«o  ae  to  leave  sufficient  metal  to  tarn  off  the  rough  piece  when  cold. 

In  shrinking  the  heated  jacket  upon  the  tube  the  bore  of  the  jacket 
>vas  at  first  made  about  0.125  shorter  than  the  corresponding  portion  of 
tube;  it  wub  afterwards  found  that  this  bhorUige  could  be  lessened  to  0.1 
Jnch  without  danger  to  a  tirui  seat  of  the  tube  at  the  bottom  of  the 
'wore  of  Jacket,  that  i8«  it  was  determined  that  the  longitodinal  ezpan- 
eioD  of  the  bore  of  jacket,  lenghth  43  inches,  was  when  heated  about 
O.l  inch.  Wlien  tho  jacket  was  cooled  it  shrnnk  away  from  the  shoulder 
OH  tube  to  the  extent,  on  an  averai;e,  of  uhout  0.05  inch,  leaving  that 
«piice  to  be  calked  in  the  usual  manner,  aud  the  length  of  bore  of  jacket 
permanently  extended  0.05  inehl  The  shrinkage  nnder  jacket  being 
O.003  inch,  it  was  heated  in  a  woml  tire  sufficiently  to  allow  the  firee 
entrance  of  a  gauL^e  10.52  inches  in  diameter,  thus  providing;  tor  an  ex- 
pansion of  at  least  0.02  inch  over  the  portion  of  the  tube  to  be  enoom- 
l>assed. 

Twocbanges  were  made  in  the  prescribed  dimensions  daring  the  oonrse 
4>f  manufacture,  one  with  reference  to  tbe  space  meudoned  above ;  to 

enable  the  calking  to  be  made  as  effective  as  possible,  the  diameter  of 
first  reinforce  of  tube''  was  reduced  from  11,6  to  11.55  inches,  leaving 
0.05  inch  to  be  removed  in  linishiug  the  lube  for  insertion  in  the  ca^it- 
iixm  casing.  The  second  change  was  made  to  leave  the  diameter  of  neck 
of  tube  0.9  inches  anflnished,  uins  leaving  the  whole  exterior  of  the  tube 
to  be  finished  tamed  in  a  single  lathe  at  South  Boston. 

In  the  inspectioT)  of  the  work  during  the  regulnr  course  of  manufact- 
ure the  first  detect  developed  by  the  method  of  construction  in  vogue 
was  at  the  scarfing"  stage.  To  make  the  V  for  the  scarf  joint  the  eud 
of  the  bar  is  split  along  a  plane  of  the  pile  incident  to  the  maaafiMSt> 
ure  of  the  bars  at  the  rolling  mill.  The  result  is  that  sometimes  Hie 
4Sj)lit  extends  into  the  bar  hcvorul  the  point  of  the  v.  'i^d  creates  a  re- 
ceptacle for  scales  and  cinder  within  the  iron  during  the  welding;  of  the 
joint. 

In  colling  the  bars  the  curvature  coincides  with  the  flat  of  the  and 
it  sometimes  happens  that  the  joint  is  torn  at  the  point  on  the  oatside, 
leaving  a  cavity  in  the  bar.  When  this  occurs  it  is  remedied  by  cutting 
the  cavity  out  nnd  inserting:  a  piece  of  tube  iron  to  completely  till  it. 
The  itart  tsbould  then  become  perfectly  sound  in  the  6ubse<iuent  coil- 
welding  oi>eiations. 

In  finishing  the  tnbe,  especially  as  regards  the  bore,  defects  in  weld- 
in  g  and  cinder  miirks  or  small  cavities  may  be  ezpeet^'d  to  develop  ha 
the  boring  pro^n-sses;  all  such  defects  nre,  however,  believed  to  be 
entirely  due  to  the  manufacture  of  ttte  tube  itself,  to  be8itnate<l  at  the 
joints  of  the  coils,  and  to  arise  from  imperfect  coil  weldiug,  or  from  cia- 
der  or  soale  cangnt  daring  the  operations.  The  Ulster  bar-iron  itself  is 
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remarkably  free  from  dangerous  seams.  /  In  the  case  of  one  tabe,  the 
lOttgh  boruiir  to  7.03  inoliea  showed  a  good  sorfiioe,  bat  when  it  was 

finished,  bored  to  8  inches,  two  eavities  were  ancovered  at  coil  joints 
within  about  16  inches  of  the  muzzle  which  caused  the  rejection  of  the 
tube.  This,  however,  was  but  one  out  of  fifty  tubes.  In  others  slight 
fieams  were  not  unfrequently  developed,  but  inHuUicieut  iu  themselves 
to  be  eonsidered  of  dangeioiis  impoit.  None  of  the  tabes  made  gave 
any  evidence  of  leakage  ander  the  water  test.  On  the  exterior  of  the 
tube  the  only  defect  to  be  remarked  wa*;  an  occasional  slight  rough- 
ness in  the  first  reinforce  arising  from  pit  holes  caused  by  the  fire  in 
the  coil- welding  operations.  This  portion  of  tiie  tube,  a  length  of  about 
8  inches  when  finished,  has  a  relatively  greater  diaoieter  with  lefer- 
enoe  to  the  roagh-forged  diameters  than  any  other,  and  conseqoeotly 
less  metal  is  removed  from  the  oatside  in  finishing.  Such  defects  as 
arose  in  this  way  were,  however,  plainly  seen  to  be  saperficial  and  not 
serious. 

With  the  present  method  of  inserting  the  wrought-irou  cup  iu  bottom 
of  tube,  a  diffleolty  arises  about  secnring  a  perfectly  smooth  eoatoor 
at  the  janotion  of  the  curve  of  its  lip  with  the  adjoining  fillet  in  tubef 

Tlie  enp  is  entirely  finished  before  insertion;  it  is  threaded  over  its 
whole  exterior,  and  where  the  thread  runs  out  at  the  lip  end  a  portion 
of  the  lip  is  left  so  thin  that  it  spreads  iu  cutting  the  thread  in  the 
lathe,  and  idthoogfa  this  is  corrected  before  the  insertion,  the  same  thi  ng 
is  liable  to  oocor  when  the  cup  is  screwed  in;  moreover,  wherr  this 
thread  runs  out,  a  portion  of  the  edfre  of  the  cu])  is  cut  away.  The 
after  "finish"  boring  and  reaming  of  the  fillet  in  the  tube  cannot  more 
tiiau  partially  correct  the  roughness  at  the  extremity  of  the  thread,  for 
the  operation  of  the  catting  tool  does  not  extend  within  the  cop.  A 
remedy  for  this  wonld  appear  to  lie  in  stopping  the  thread  on  thb 
exterior  of  the  cup  short  of  the  thin  edge  of  the  cup.* 

The  following  are  the  i)rincipa]  dimensions  of  the  tube  as  made  at 
this  foundry  preparatory  to  shipme  nt  for  final  finish  and  insertion  at 
the  South  Boston  Iron  Works  (see  Plate  YI) : 


Su^jAct  of  meMoremeDt. 


Total  length  of  tub*  

Total  length  of  inner  taWand  jftcket  

Projection  of  breeoh-plog^lB  iMr  of  tab*..*  

Length  of  bore  of  tube  

Length  of  neek  of  tube.  

Length  of  chsM  of  tabe  

Leacthof  flnt  nloflKMof  tab*...  ••  

hngtb  of  Moond  raiafime  of  tato  

LmfthoCtkMniafttMof  tKbo.  

'  ^nSfiyS*!*  ^ 

niameCer  of  ohaoe  of  tnbe  

DIatoetor  of  flmrelBfliroo  of  tabe   

Diameter  of  second  ralnfbroe  of  tabe  

niameter  of  third  reinforeeof  tabe  

Diameter  of  fourth  reinforce  of  tube  

Length  of  masKle  collar   

mf  Miiaiila  oMmt  ^  interior 

m  HHw^HW ......  ^  exterior 

tiamfiMioooiw  j  width.. 

IMrilMglkorjMkot  


InehM. 
147.66 
140.  41 
7.25 
120.25 
&0 
7L27 
81  It 

a&M 

7.0 

ao 

•  a9 

148 
1L66 
18.8 
14.8 
18.6 
7.0 
9. 76 
11.8$ 
0.87S 
L€ 
•1141 


ThiM  iMhM  Miiplna  loft  at 


Left 

Not 


Bongh-turned  to  dimensions 
^^ing  from.  0.1  ..to  0.B 


Bough- turned. 


*  It  is  believed,  howwvar,  th»t  the  tab«8  prerionsljr  oonttmoted,  m  these  praeent 
luiTe  been,  hftTe  performed,  well  in  aervioe. 
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L«Dfirth  of  Jacket  in  rear  over  inner 
Length  of  jacket  over  inner  tnb«    .  ............. 

Interior  diameter  of  Jacket  over  Inner  tiUM..»>..< 
Exterior  diameter  of  tnbe  onder  Jaoktft..**.*..... 

Corresponding  shrinkage  

Total  lenstn  of  inner  tube  

Badins  of  carve  at  bottom  of  bore  of  jMinl.*.... 

Badina  of  earre  mt  bottom  of  tabe  

Lcmrth  0f  dowela  (2)  for  secnring  tabe  to  JaolMl.. 
INaneter  of  dowels  tw  leeartng  tajbe  to  JaoUt. 
TbiekaeM  of  wroagbt-lroB  cap  at  MMoai  «f  tuba 
Total  length  of  cup.*  

Diametera  at  interior  of  cap.. ...... | 

JlMBiilw  of  cup  over  ttooJa  

PIteh  of  thread  on  cap  , 

ToUi  length  of  oast-iron  breech  plug  

Length  or  breech  ping  within  jaeket  

Length  of  thread  on  breech  ping  

Diameter  of  hrocch  plug  avt'r  thrmds  

Pitch  of  tlirrafl  ou  lirt-ii  li  plui;   

Diameter  of  nIhuiIiIit  on  bit-fcli  i>lui;  

ThicknenH  oi  hhoulder,  inchidinf:  curved  portion  

Length  of  squar<>  at  ba^t  ol"  iilug  

Side  of  n(|nan- iit  baHi- (if  plug   

length  ot  K.M  iirinj;  pin  tbroagh  Hhoulder  on  jiliiir  ..... 
IManifti  r  oi  Hi't'iirniK'  p>ii  through ahoalder  on  piun  .... 

Weight  of  tube  .pouudH 

Weight  of  muzale  colUu-  ....poanda.. 

^Md««ight  


17.  41 
43.0 
10i5 
10.&03 
0.008 
123.0 
L20 
Ltf 
1.0 
0.7S 
S.75 

4« 

7.1 
8to«h«ln'<h. 
M.M 

17.41 
18.41 

7.0 

0.25 

9.75 

1.25 

6.0 

5.0 

4.25 

LO 

i,iao 

68 


Hydraulic  testn  of  taba: 
Premareof  120  pounds  ap- 

J died  to  inner  tube  aud 
acket  in  forged  ami  welded 
state ;  also  to  Jacket  with 
flniahed  bore  and  to  toba 
with  bora  of  TJt  iMta,  & 


LowatoaL 


The  work  ia  ander  inspeoiitoii  at  all  stages,  and  the  tube  may  be  le* 
jected  upon  the  detection  of  defects  in  material,  plans,  imperfect  welds 

or  cinder  niiirks,  ospt^cially  in  the  bore,  or  poor  worlcmanship.  Tiie  tnbe 
is  not  finally  accepted  until  the  finished  gUQ  has  passed  the  powder 
proof  prescribed  witli  service  chaiges. 

XATBBIAIi  JLHD  LABOB. 

The  completed  tnbe  coinpri.ses  tlie  following  parts  (see  Plate  VI): 

1.  The  inner  tulu>  made  entirely  of  rolled  iron  bars,  quality  A. 

2.  The  breeoh-cup  wbteh  doses  the  bottom  of  the  inner  tnbe,  ibmd 
solid  from  ends  of  the  A  iron  bars  oat  off  at  the  rolUng-mill  in  sqoanng 

the  ends  of  the  bars. 

3.  The  jacket  made  of  rolled  iron  bars,  quality  B,  except  a  section  at 
the  breech  (11.16  inches  outside  length)  forgod  solid  from  mixed  Ulster 
tube  iron  scrap. 

4.  The  two  dowel  pins  of  wrought  iron  fixed  in  the  base  of  the  tnbe 

and  let  into  the  jacket  to  assist  in  seonring  the  two  parts  together. 

5.  The  cast  iron  breech  plug  of  gun  metal. 

6.  The  securing  pin  through  shoulder  of  breech  ping,  made  of  low 
steel.' 

7.  The  mnssle  eollar  Ibrged  and  welded  from  wronght  iron  scrap  of 
fine  quality* 
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The  material  required  lor  tbe  several  parU  of  a  single  tube  iii^  as  tol« 
lows: 

Material  requindjor  one  S-indk  oeUtd  wrouyht-iron  tube^  breeok  iiuariiQ», 


Pariii  of  tal>o. 


I 


Quality  of  Iron.        jW«i»b«r  «f 


Averaee 


I 


.  ;  1  waUht 

1 !  ^'^TST' 


Altoainbsf*. 
Aim 


2.35»qiian». 


IB  Irak  fat  teM 
"Tlstf  r  tube  !r 


!rt>n  scmp. 

Breech  plus. . .  i  Ga»i  (gan  metal)  

Mmito  •ollir.  Wrought  Mnp  of  Am  qui*  | 


JWt  IneK 
8  I   S6  • 
ter  tnis   

f  2  I   27        1  !  2.25square. 

I  S  I   II         1  I  4  X  Si  X  3| 

(  hexagonal. 


Ptmnd9. 
456 


Total 


463.5 
777 


Poun^ 
3.648 
1S7 
027 

1.164 
402 
Ml 


KOTK. — The  A  and  B  iron  ref<  r  i<>  Flsfer  tiil«<  Iron,  lii  tlu'  i  of  the  soliil  fnrffinfrs  ibe  total  w.  i^li  t 
irlvr-n  inrlndf^  an  increaso  of  'JiQ  p«r  cent,  over  the  weight  of  tho  rongh  forged  pieoea,  to  allow  fur  losa 

r  A  p^ht  in  futiTLngtoilaa.        iwo  4airal«  and Monriacpla  (loir  alMl),  wuoliwvirf 
aiouM,  are  omitted. 


FueL — The  aeveral  operations  in  the  smith  shop  reqnire  the  use  of  a 

heaiiiij:^  fnrnar*'  for  "coiliii;;'*  the  bars;  ;i  large  reverberatory  furnace  foF 
forgiii^^  tlK*  solid  l>nHH*}i-pi('(M's  and  the  '•coil  weMiuir^:  a  smaller  n»ver- 
beratory  furnace  for  forging  the  breech  cups  mid  mm/Av  cuiluri^ ;  a  press 
foriiaee  for  tabe  weldltig,*'  and  forge  fires  for  scarping  and  batt  weld- 
ing  "  the  bars,  shaping  the  ooils,  shrinking  together  the  sections,  and 
welding  the  muzzle  collars ;  the  fuel  nse<l  in  tlie  fnrnacos  must  be  of 
good  quality.  The  U4<e  of  an  impure  coal  has  been  found  to  ruin  the 
weldiug  qualities  of  the  iron,  which,  especially  the  A  iron,  has  so  much 
of  the  cinder  removed  in  the  rolling  process  that  it  is  denominated 
*<dry.''  The  fuel  commonly  used  at  this  foundry  is  Oamberland  (soft) 
coal.  Pennsylvania  g^is  coal  was  used  during  a  part  of  the  time ;  it  pos- 
sesses the  doubtful  advantage  of  i^ivirifx  a  fiercer  Are  and  more  heat 
than  the  Cumberland  coal.  An  approximate  estimate  of  the  amount  of 
coal  consumed  in  forging  each  tube  gives,  for  the  furnaces,  20,000  pounds, 
or  8.9  tons,  and  for  the  forge  flres  900  ponnds. 

A  Boitable  eraneiB  provided  for  eaeh  furnace,  and  the  following  steam 
hammers  are  in  use  :  For  the  coil  welding  and  heavy  foruin-jr*^  one  of  8 
tons,  single  acting ;  for  forging  the  muzzle  collars  and  breech  cups,  one 
of  3,000  pounds,  double  acting ;  in  connection  with  the  tube  welding, 
one  of  3,300  ponnds,  single  acting }  and  in  oonnectiou  with  the  butt 
welding  of  the  heavy  bars  An  nnneoessarily  heavy  hammer  of  5,000 
ponnds,  single  acting. 

Labor. — Tlie  work  in  the  smith  shop  nM|nircs  1  foreman,  4  black- 
smiths, 2  machinists,  H  stokers,  and  about  13  iielpers.  The  labor  ex- 
pended pertnbe  is,  approximately:  Foreman,  5 days;  blacksmith,  7.5 
days;  machinist,  7  days;  stoker,  5 days;  and  helper,  90 days,  of  10  boars 
each.  In  the  finishing  shop  about  10  lathes  and  0  boring  beds  find 
nearly  constant  errjjdoyment  when  the  work  is  wtAl  in  hand.  The  labor 
exi)ended  per  tube  is,  appro.ximately  :  Foreman,  5  days;  machinist, 
46  days;  machinist  {titter),  2  days:  and  helper,  20  days.  The  lathes 
and  bonring  beds  yary  in  eapadty  nom  24  to  42  inches  swing.  In  the 
outside  department^  the  handling  of  the  inm,  ftc.|  will  employ :  Foie- 
muki  one-half  day;  helper,  2  days. 
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OFFIOB  of  iNBPBOTOir  OP  ObBN UTOB,  U.  S.  ABHT, 

West  Point  Foundry, 
OM  S^j^ring^  N.      Oetober  16^  1883. 

The  Gjbobf  of  Obonanob,  U.  8.  Abmy, 

Washington,  D.  C. : 

{  tfnkit  AT.  r  T  have  the  honor  to  snbiutt  the  followinp^  report  in  regard 
to  Miic  (if  the  .S-nitih  coiled  wrought  iron  tubes  now  beinj;  made  at  this 
louadQ  under  contract  dated  June  12, 1883,  and  to  reixuest  authority 
to  have  Hie  same  rifled  at  this  Ibnndry  and  inspeeM  in  that  state  be* 
fote  it  18  sent  to  the  South  Boston  Iron  Works  for  insertion.  This  re- 
qut'st  is  based  upon  the  fact  that  there  exists  in  bore  of  the  tube,  at  a 
point  35  inches  ffoni  the  base,  a  s1i;:lit  defect,  which,  by  using  car*'  i!>  tlio 
rifling,  can,  1  beli(  \  <  .  \n-  (  utirel^  iemoved,  that  is  by  the  cutting  ul  the 
groovea.  I  am  well  luiunned  about  the  nature  of  this  defect  and  its 
caase,  and  have  not  np  to  this  time  rejected  the  tnbe  for  the  reasons 
herewith  given. 

My  attention  was  first  called  to  a  defect  in  this  tnbe  (the  inner  tnbe 
only)  on  iSepternbcr  10,  when  the  tnbe  was  rongli  turned  the  second  time, 
toau  outside  diameter  of  11.25  inches  over  the  porliuii  at  the  breech  which 
comes  within  the  jacket,  this  being  about  0.25  inch  on  a  side  above  the 
finished  exterior.  There  was  developed  oh  the  ont«lde  a  defect  at  the 
point  of  the  scarf-joint  where  the  two  bars  forming  the  rear  section  of 
the  tube  hnd  been  joined  end  to  end  in  butt-welding.  This  dofcM-t  was 
about  O.l  inch  in  diameter,  and  deei)  euoutjii  to  allow  the  insertion  of  a 
pin  to  a  depth  of  0.6  inch,  that  is  to  say  li  the  tube  had  been  finished 
in  this  state,  this  defect  would  have  extended  about  half  way  through 
the  wall  of  tke  inner  tnbe  firom  the  outside.  The  distance  of  thto  defect 
from  the  breech  of  the  tube  was  16  inches. 

As  the  tube  conld  not  be  accepted  in  this  state,  theeontndononder- 
took  a  remedy  which  thus  far  pro?»iises  success. 

When  the  exterior  defect  was  discovered  the  bore  of  the  tube  was  en- 
larged to  about  7.94  inches  or  ^  inch  less  than  the  flutted  bore,  and 
this  oonstitnted  the  principal  difficulty,  for  it  left  praoticaUy  no  margin 
for  the.bendiug  of  the  tube,  which  would  probably  occur  in  reheating  it. 

To  remedy  the  defect  an  attempt  was  first  made  to  weld  a  piece  into 
the  tube  from  tlie  uatside  in  an  ordinary  forge;  to  do  this  a  wedge- 
sha|)ed  openiu£  was  cut  in  the  tube  deep  enough  to  take  out  uli  the  de- 
fective partb  A  conesponding  wedge  of  tube  iron  was  also  made  to  fit 
this  opening.  The  tabe  and  piece  were  then  heated  separately  to  a 
welding  heat  and  the  piece  welded  in  by  hammering.  To  prevent  injur- 
ing the  bore  duri?»g  this  operatio??,  a  jiiaiidrel  of  tnbe  iron  L'7  inches 
lung,  0,6*25  inches  less  than  the  buie  M  us  larger  end,  and  havuig  a  taper 
of  0.125  inches,  was  inserted  in  the  bore  from  the  muzzle  and  rested 

nuder  the  portion  of  the  tube  operated  upon.  This  attempt,  although 
suooessftd  in  so  fhras  the  welding  of  the  piece  was  concerned,  left  the 
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tube  iu  appareutly  worse  couditiou  tUau  before,  siuce  tbeopeo  lire  had 
wasted  away  aa  inaoli  of  the  iron  at  the  place  of  welding  that  inaoffl* 

cieot  metal  was  left  to  flmsh  the  exterior  of  the  tube. 

Tlietube  h;ivinjj  a  surplus  of  leTij:^fh  witsthen  put  into  the  press- welfliin^^ 
furnace,  where  it  was  evenly  heated  throughout  the  portion  adjaceiit  to 
the  defective  part  and  upset''  uotil  the  exterior  diameter  was  restored 
to  entBcient  dimeDsione  to  finish.  In  this  operation,  also,  the  mandrel 
was  placed  in  the  bore  within  the  part  heated  in  order  to  keep  it 
Btraijjht.  A  fter  the  upsettiri^^  in  the  press  furnace  and  subsequent  "  tap- 
ping" under  the  liaraiuer  to  make  the  exterior  cylindrical  and  straip:ht. 
the  tube  was  left  to  cool.  It  was  then  fqund  that  the  mandrel  could 
not  be  eztraoted.  This  rendered  it  necessary  to  slightly  reheat  the  tobe, 
when  the  mandrel  was  driven  ont  with  great  difflcolty  from  the  rear 
(the breech  cup  was  not  yet  inserted ).  After  the  mandrel  was  extracted 
ft  appeared  that  its  surface  had  been  imjierfectly  wehled  in  spots  to 
the  interior  of  the  tube,  an<l  tliat  in  forcinji'  it  out  the  bore  of  the  tube 
had  been  badly  abraded  at  these  spots,  appearing  like  the  surface  of  a 
stiek  of  wood  in  which  a  series  of  cnts  liad  been  made  with  a  knife  with- 
out detachingthe  shavintrs.  It  was  found,  owing  to  these  abrasionSi 
that  the  bore  would  not  finish  to  8  inches  at  the  part  operated  upon. 
The  tui)e  was  therefore  once  more  placed  in  the  press-furnace,  re- 
heated and  linally  tapped ''on the  outside  under  the  hammer  to  reduce 
the  bote. 

The  tube  was  then  t  a  ken  back  to  tiio  finishing  shop  and  again  bored 
out  to  a  diameter  of  7.''t  inches.  Tiiis  entirely  removed  tlie  abrasion 
of  the  bore,  excei)t  in  two  spots  situated  ne;ir  together  in  the  direction 
of  the  axis  of  the  tube,  at  a  distancie  of  30  inches  from  the  base.  An 
impression  of  the  bore  was  then  taken,  which  showed  these  defects  to 
be  of  so  slight  depth  as  to  warrant  the  belief  that  they  would  be  re- 
moved by  finishing  the  bore  toS  inches.  This  has  been  done,  and  the 
only  defects  now  lernaining  ai*e  a  scarcely  perceptible  roughness  at  one 
place  and  an  ai)rasiau  about  0.02  inch  deep  at  the  other.  These  two 
defects  are  so  flight  and  are  so  situated  thai  thei'e  is  good  reason  to 
betieve  they  can  be  removed  by  rifling  the  tnbe  sothatone  of  the  grooves 
will  intersect  and  remove  them  both,  the  groove  being  0.6982  inch  wide 
and  0.075  inch  deep. 

The  exterior  of  the  tube  has  altjo  been  rou^h  turned  and  found  t^  be 
of  suffident  dimensions  to  fioish  to  the  diameter  required,  t.  e.,  10.5 
inches. 

The  Messrs.  Paulding,  Eemble  &  Co.  ask  to  be  allowed  to  rifie  the 

tube  themselves,  and  without  expense  to  tlie  (Jovernment,  in  which  re- 
quest 1  concur,  not  only  because  L  think  an  imperfect  tube  should  not 
be  i)assed  by  tlie  inspector  at  this  foundry,  but  also  becaose  the  work- 
men here  are,  from  their  knowledge  of  this  tube,  best  situated  to  make 
it  finally  satisfactory  to  the  Government,  if  that  can  be  done. 

There  might  have  been  appreliended  from  this  treatment  a  degrada- 
tion of  the  iron,  due  to  overheating.  Except  when  the  outside  wavStinpr 
occurred  in  tiio  open  fire,  however,  the  several  heatings  were  maile  very 
slowly  and  carefully,  and,  it  is  believed,  without  iiyury  to  the  iron,  lu 
the  open  Are  the  heat  was  applied  only  to  one  plaoe  on  the  ontside  of  | 
the  tube,  and  this  plaoe  now  shows  dean  and  perfect.  i 

The  operations  yet  to  be  performed  before  the  tube  can  be  rifled  are : 

1.  IriNertion  of  the  breech  cup. 

2.  Turaiiig  down  the  breech  m  prepai-ation  for  sbriuking  on  the  Jacket. 
8.  The  shrinkage. 
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4.  Bebonog  the  tulMs  to  its  tinished  diameter  of  8  inchea,  in  order  to 
remove  any  compreMiaii  of  the  present  bore  whioh  may  be  induced  bj 
the  shrinkage. 

Tefy  fespeotfiiUy,  your  obedient  senrant, 

•  BrRNIE,  Jr., 

Lieutenant  of  OrdntMoe. 

[Fint  IndoneuMiit.} 

Obdnancb  QPVI0B| 
Waahk^gi^  Oetobm- 18,  1883* 

Beepe<stfii11y  retamed  to  Lieut.  B.  Birnie,  jr.,  Gold  Spring,  N.  Y.,  ap* 

provhip  his  rccoramendfttion  that  the  fnho  within  ref^^rtofl  to  >>p  rifled 
at  t  he  West  Point  Foundry,  and  at  the  ex  ])*  jise  of  the  West  roirrt  Foun- 
dry Association  ^  provided  that  by  so  doing  no  iiyury  will  come  to  the 
rifling  in  the  subsequent  operations  of  finishing  and  inserting  it  within 
its  cast-iron  ciising. 
By  order  of  the  Chief  of  Ordnance. 

CHA8.  8.  SMITH, 

Captain  of  Ordnance^  Principal  AsMtanL 
» 

[Seoond  iodoneinMit.] 

Wb8T  Point  Fouitdbt, 
€M  Spirvm^  N,  T^J!fofmiber2lj  1883. 

Bespectfblly  returned  to  the  Chief  of  Ordnanee,  U.  Army.  It 
haTing  been  definitely  'hn-jfled  t!iat  t!ie  rifling  of  this  tube  wonld  ii<it  be 
ir»inml  by  snbseqnent  operations,  tiie  tube  was  finished  in  a  uniform 
way  and  iinaily  ritled.  It  was  closely  inspected  to-day  and  accepted  as 
satisfiMstory  in  all  respects. 

B.  BIBNIE,  Jr., 
LieiiimmiU  of  Ordmnee. 
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BEPOET  UPON  TEE  CONSTRUCTIOir  OF  CONVERTED  %-TNCH  BIVLE  MO,  I 

.•W,  BREECH  INSERTION,  AND  FXAMiyATToy  OF  DEFECT  IN  H-INCB  I 

COILED  fyHOUGBT-ISON  TUBE  NO.  3U  {ORIGINAL).  AT  TH£  WEST  POINT  \ 
FOUNDBT, 

(1  plate.)  I 

West  Point  Foundry, 
Cold  Spring^  If,  T,j  August  6,  ISSL 

The  CmBF  of  Obdnanoe,  U.  S.  Abmy, 

Obkbrai.:  Upon  the^mpletion  of  oonveited  8-inoh  lifle  Ko.  38 
(breech  insertioii)  at  this  Ibandiy,  I  have  the  honor  to  enbmit  tiie 

lowing:  report  : 

The  ori^iml  gnn  of  this  iiuiuUer  was  declared  unsatisfactory  when 
exaoiiued  subsequeut  to  it8  liriug  proof^  as  appeara  from  the  followiug  ; 

nmnD  Statm  Ordnance  Pkovino  (iitocNO,  ; 

Sandy  Hook;  .\.  J.,  April  1, 

Respectfully  retnrned  to  Col.  T.  G.  Baylor,  commandiog  (through  Capt.  W.  P.  Star- 
ing), with  the  infonnatioD  that  the  gnnn  within  Mtfened  to  b*v«  been  subjected  to 

the  proof      1ir<'ctcrl.   The  proof  of  ^iiu  No.  39  was  not  satisfactory,  and  I  return  the  I 
iaspectiun  n-]iort  fur  that  gan  unsigned.    A  depresi^ion  1.5  inches  wide  and  0.25  to  | 
0.3  iDoh  (ieop  was  developM  in  the  bore  of  the  gun  at  a  distance  of  88  inehe«  ttom 
the  muzzle.    It  extends  in  n  pfPTieral  direction  at  right  angles  tn  tfio  axis  so  as  to  cov»>r 
about  five  gi-ooves.   It  is  grailual,  and  there  is  apparent^  uo  br^Mk  in  the  continuity 
of  thesodSiM. 

C.  W.  WHIPPLE. 
I/u  uitnant  of  Ordnance. 

Subsequently,  at  the  request  of  Pauldiufj,  Kemble  &  <^<>.,  and  by  yi»nr 
authorization,  dated  April  19, the  gun  was  shipped  to  this  fouuclrj, 
where  it  has  been  reconstnicteiL 

First  after  its  receipt  the  gan  was  entirely  dismantled. 

1.  The  copper  vent  pieoe  was  nnsoiewed  without  diffioolt^  and  was 
preserved  uuiujiired. 

2.  The  securing  pin  between  casing  and  tabe  was  remoTod  by  drill- 
ing a  hole  within  it,  which  hole  was  afterwards  squared  and  served  as 

a  receptacle  for  a  wrench. 

3.  The  mnzzle  collar  was  started  l>y  m^tniM  f)f  ;i  <'oM  chisf'f  heM 
ao:airist  the  outer  face  and  a  sled^je  struck  a^^amst  the  liead  of  the 
cliihel.    After  being  start4.*d  the  collar  was  unscrewed  by  hand. 

4.  The  entire  toM  was  nnserewed  finom  the  casing.  To  aooompllah 
this  the  gun  was  mounted  upon  a  lathe-bed  and  arranged  to  revolve 
slowly,  soft  inotal  stipports  bein{:j  ari-nn^^ed,  om^  under  chase  near  tli« 
muzzle,  the  other  at  the  neck  of  the  breech«  An  iiiulosureof  brick  waa 

300 


Digitized  by  Google 


BEPOBT  or  THS  CHIEF  OF  OBDNAMOE.' 


351 


then  bnilt  about  the  gnu  and  covered  to  enable  it  to  be  thoroughly 
heated:  the  portion  the  gnn  exp^ed  to  the  beat  extending  along 
the  middle  portion  to  within  aboat  20  inches  of  the  breech  and  muzzle 
oTida.  A  strong  fjejirin^  of  cog-wheels  was  flrmly  coiinpf'Tod  with  the 
breeCli  of  the  tube  bv  which  the  motive  power  of  the  shop  was  nsed  for 
the  uuscrewiug.  A  current  of  cold  water  was  arranged  to  circulate 
tbroogb  the  bore  of  the  tube.  On  May  3, 1884,  a  wood  flie  was  lighted 
under  the  gan  at  SJ80  a.  m. ;  cold  water  was  supplied  within  the  bore 
and  the  gun  was  kept  slowly  rrvfi]  vinir.  The  fire  was  drawn  about  3  p. 
m.,  w  hen  the  gun  was  considered  suihcieutly  hot,  its  temperature  bi  iiif^ 
probably  between  500  aud  600^  Fuhr.,  as  Judged  irom  theactiou  of  water 
when  thrown  npoo  it.  The  gun  waa  then  damped  in  its  bed  and  the 
tabe  started  by  applying  hydraulic  jacka  to  act  upon  the  epokee  of  the 
copf-wheels  directly  coiinocted  witli  the  breech  of  the  tuT>e.  After  the 
scn  w  wassfcarted  the  luachiiu  rv  was  set  in  motion  aud  the  uuscn'wing 
coiiij)leted.  The  guu  was  then  swuug  out  of  the  lathe  aud  the  reiiiaiiider 
of  the  tube  withdrawn  directly  with  an  ox  team  and  block  and  tackle. 
The  enmat  of  water  waa  maintained  in  the  boreVintil  the  last  stage  of 
the  operation.  The  above  was  effected  without  special  difflcnlty,  bot 
the  arrangements  were  vety  oomplete  and  involved  a  good  deal  of  ttme 
and  labor. 

5.  The  securing  pin  tli rough  shoulder  of  cast-iron  breech  plug  was 
drilled  oot  and  the  plug  unserewed. 
6b  The  jacket  was  separated  from  the  inner  tabe  aa  follows:  The  tabe 

(entire)  was  mounted  1?i  the  foundry  yard  u])on  two  supports,  one  at 
breech,  the  other  near  muzzle,  so  that  the  axis  wsm  liori/ontal  and 
about  30  inches  above  the  ground.  A  heavy  cast-uou  collar  or  cit>stt- 
bead  waa  paased  over  the  ohaae  of  tabe  to  abnt  against  tito  Ibrward 
end  of  jacket;  another  crosa-head  was  plaoed  on  the  same  level  aboat 
30  inches  in  rear  of  the  breech,  and  these  two  cross-heads  were  con- 
ne(!ted  by  two  heavy  iron  rods,  outside  of  aud  parallel  to  the  jacket, 
and  having  a  thread  and  nut  on  each  at  the  rear  cross-head.  The 
threaded  opening  in  breech  of  tube  from  which  the  breech  plug  had  been 
taken  was  lined  with  sheet  copper  to  protect  the  threads  and  an  iron 
cylinder  passed  in  to  abut  against  the  base  of  the  inuer  tube  and  pro- 
ject a  fow^  inches  from  breech  of  Jacket.  Between  the  rear  end  of  this 
and  the  rear  cross-head  an  hydraulie  jack  was  placed,  so  that  upon  ap- 
plying the  power  the  tube  would  be  movetl  forward  and  out  of  the 
jacket.  An  open  brick  strnctnre  was  bnilt  to  apply  fire  (wood)  under 
the  jacket  and  a  current  of  cold  water  was  arranged  to  circulate  through 
the  br>T  (  ()f  tube.  T>iMiug  the  heating  the  tube  was  slo\v1\  revolved. 
When  tlie  firt;  was  <irawn  the  side  rods  were  passed  through  the  cross- 
heads,  and  by  addiug  piwe  by  piece  to  the  cylinder  between  base  of 
tabe  and  the  hydranlic  jack  the  inner  tabe  was  slowly  pushed  ont. 

The  operatiou  was  performed  with  great  difficulty,  owing  to  the  fact 
that  it  was  scarcely  possible  to  expand  the  Jacket  and  contract  the  tube 
at  the  same  time,  but  by  rebuilding;  the  fire  several  times  and  allow  iug 
tiie  water  current  to  circulate  only  wheu  the  jack  was  at  work  it  was 
accomplished.  The  water  current  would  completely  cool  the  inner  tube 
within  a  few  minutes  (as  shown  by  the  temperatare  at  outlet),  and  it 
was  at  this  period  that  the  tube  was  loosened.  The  heat  applied  in  this 
operatioTi  was  not  greater  tlinti  tliat  ordinarily  osed  for  heating  the 
jacket  to  shrink  it  orij^inally  upon  the  tube. 

The  guu  casiug  was  examined  and  star-gauged  with  a  view  to  de- 
ciding upon  its  nse  in  the  leconstroctlon  of  the  gun.  It  was  found  to 
be  in  good  oonditiony  and  the  star-gauge  measurements  compared 
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closely  with  those  made  at  tbd  Soatli  Boston  Iron  Works  daring  flu 

origiiinl  ronstniction  of  the  ^iin,  there  beiiipf  nn  average  diffiTpnef-  U- 
tweeii  the  two  iiKli  pfiidcnt  sots  of  ttumsh  icTDi  jits  of  loss  than  O.UUl  inoh. 

The  jacket  vf  iu>  also  careluliy  examiued  with  the  same  view,  aud  was 
foond  to  be  Id  good  condition  both  oataide  and  inside.  The  miizsle  end 
of  the  bore  was  very  slightly  bell*8haped ;  bat  for  t]ie  remainder  of  the 
bore  the  star-graufro  measurements  gave  almost  identically  the  same 
result  as  those  made  duriug  the  original  consTniction  of  this  tuhp.  Tlie 
exterior  between  "  screw-head  and  tirat  sboultier was  loimd  to  he 
slightly  out  of  round,  one  diameter  being  abont  0.004  inch  greater 
than  the  other,  and  the  greater  diameter  would  not  enter  the  casingt  so 
that  when  the  jaoliet  was  fitted  to  casing,  this  eooentricity  was  corrected. 

The  following  parts  were  then  made  new  for  the  gnn: 

1.  Inner  tube  complete. 

2.  Muzzle  collar. 

3.  Oast-iron  breech  plug. 

4.  Securingpin  through  casing  into  tube;  and  these,  with  theeasingf 
jacket,  and  copper  vent  piece  belonging  to  the  old  pieoe,  were  used  in 
reconstructing  the  gun. 

CAUSB  OF  FAILITKB  OF  TUBS  NO.  39  (OBiaiNAI.)  UllDBB  THS  FIBIXG 

PROOF. 

After  the  inuer  tube  was  extracted  fi-oni  the  jacket,  as  previously  de 
scribed,  it  was  cut  up  for  examination.  The  accompanying  drawing 
shows :  Fig.  1,  a  section  aud  interior  elevation  of  the  half  tube  cot  by 
a  plane  coincident  with  the  axis  of  the  piece  through  the  defect;  and, 
Fig.  2,  n  cross-section  of  the  wall  of  tube  cut  by  a  plane  throiiirh  t';  • 
middle  length  of  the  defect.  It  is  at  once  apparent  that  there  existed 
a  cii'cular  cavity  aooui  i.l  O.iJ  inciies  in  cross-section,  extending 
wholly  around  tiie  tube  at  the  middle  of  the  wall.  This  cavity  is  along 
the  ^'lap'^  of  the  joint  of  two  sections  of  the  tube  and  was  so  left  by  the 
"press  weld  In  J.-''  A  limited  portion  of  the  thin  wall  between  this  cavity 
and  the  bore  ">t  mbe  gave  way  under  tlie  powder  pressure  and  caused 
the  defect.  The  edges  of  this  defect,  as  shown  in  fig.  1,  are  slightly 
cracked,  but  not  sufficiently  to  be  marked  on  the  imj^essioii  which  was 
taken  of  the  defect  at  the  tiring  ground. 

The  nature  of  the  original  detect  in  construction,  ».  f.,  the  existence 
of  the  cavity^  is  sufficiently  serious  to  render  highly  important  a  kfiowl 
edge  of  the  cause  of  its  existence.  Unfortunately  the  explanatiou  ul 
this  is  still  in  doubt  The  two  remaining  section  joints  of  this  tube 
were  Also  out  through  for  examination;  one  of  them  was  perfect,  and  at 
the  6ther  there  existed  a  cavity  very  similar  to  that  at  the  joint  where 
the  defect  occurred,  only  that  it  was  much  smaller  and  less  da!>geron5, 
being  about  0.0  by  0.04  inch  in  cross-section.  In  all  of  the  joiuts  the 
**butt  welds"  were  without  flaw. 

Two  diiforent  theories  may  be  advanced  to  aooount  for  the  existence 
of  the  original  ca^ty:  (1)  That  the  joint  was  originally  not  a  fit,  that 
is,  a  space  may  have  existed  along  the  "la])"  between  the  male  and 
female  portion  of  the  joint  when  put  into  the  "jness  furnace."  This 
would  be  due  to  a  mistake  of  the  turner.  (2)  The  cavity  may  be  inci- 
dent to  the  operation  of  'Sprees  welding.'' 

The  opinions  of  persons  connected  with  the  foundry  whose  judg- 
mvnt  IT)  this  matter  is  entitled  to  respect  are  about  equally  divided  be- 
tween the  two  theories. 
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The  cross-section  of  the  cavity  s}H>wn  in  Fijr  1,  with  npper  and  lower 
lines  nearly  straight,  favors  the  supposition  that  the  space  did  exist 
there  before  the  press  welding ;  but,  in  that  case,  the  male  diameter 
would  haTe  been  nearly  0.26  inch  leas  than  the  female  originally, 
which  is  not  reasonable,  for  the  two  sections  are  held  toge&er  by 
shrinkage  alone  when  plarfvl  it!  tlio  press  furnace.  The  prescrihed 
Hhrinkage  is  0.02  inch  on  tlie  diameter,  and  wiicu  two  sections  are  tirnt 
i^hruuk  together  a  tie*rod  is  x>£^8ed  through  the  bore,  but  this  is  i^e- 
moved  and  a  porter-bar,  mnch  smaller  than  the  bore  of  sectioiis,  is 
paeaed  l^uoagrh  to  carry  them  to  the  press  Ihmaee^  A  moderately 
tight  fit  even  would  probably  serve  to  hold  the  two  sections  together 
during  thf?  manipulation  sn^^cqnent  to  the  reTnov;»1  of  the  tie-rod,  but 
if  the  joint  were  loo-ne  the  sectious  would  alinosL  certainly  fall  apart. 
Added  to  this,  the  whole  purport  of  evidence  ou  this  x>oiut  is  such  as 
almost  piediraes  the  supposition  that  any  loose  joints  were  pot  into  the 
,  press  ramace  daiinff  oonstroctkm  under  the  current  contract.  The 
lower  line  of  the  cavity  fonnd  at  a  second  Joint  in  this  tube  shows  an 
inward  cnrve,  thus: 


and  indicates  that  tiie  male  part  of  the  joint  bulged  inward  during  the 
press  welding. 

After  the  weld  in  the  press  famaoe,  under  end  oompresslon,  andfwith 

heat  applied  only  in  the  vicinity  of  the  section  joint  (extending  some  0 
iiiolies  on  either  side  of  its  middle),  the  wall  of  metal  ia  ooosiderably 
bulged  both  inwards  and  outwards,  thus : 


The  exterior  of  the  tube  is  at  once  ^<  lap  welded  ^  and  straightened, 
at  the  same  heat,  under  a  steam  hammer,  during'  wlncli  operation  the 
wall  is  unsuj)poi tetl  within,  and  the  inside  bnl^^M'  is  Irtt  to  be  removed 
by  the  boring.  TUc  hp  of  the  joint  a  is  originally  made  0.04  inch 
lonirer  than  ft,  so  that  a  leoeiyeB  that  amount  of  compression  hefbie  the 
compression  of  b  begins. 

The  above  facts  constitnto  prood  grounds  for  supposing  that  one  or 
lK>th  of  the  lips  may  be  carried  away  from  the  middle  line  in  this  bulg- 
ing process,  and  offer  a  reasonable  explanation  for  the  existence  of  cavi- 
ties in  the  wall  aiung  the  lap  joint.  The  fact  that  such  cavities  are  found 
at  samekinta  and  not  at  othef«mustbealitribiite4io  MHue  way  tomoie 
OF  less  defectlTe  heats.  The  Interior  of  the  tube  being  possibly  less 
heated  than  the  outer  portion,  any  tendency  of  the  lip  a  to  bulge  inward 
a<4  a  whole  would  be  more  decided;  at  the  sanii  ^  time,  however^  Uie  arch 
should  then  offer  a  greater  resistance  to  this  movement. 

It  is  evident,  from  the  x>osition  of  these  cavities,  that  no  means  exist 
for  detevmlning  whetiier  or  not  they  ate  present  in  a  tiibe»  nnleia  the 
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tube  fails,  .is  in  the  case  of  this  Ko.  M),  In  any  event,  however,  and 
whatever  may  be  the  cause  of  these  cavities  as  found  at  some  of  the 
lointBy  it  is  evident  from  tbis  expttienoe  that  the  present  method  of 
butt  welding  the  aeotions  of  wzonght-lron  tabes  is  open  to  serious  oljee- 
tions. 

I?.  lUKNIE,  Jr., 
Lieutenant  of  Ordnance, 

M^ort  of  inspection  of  coiled  tcrou<)ht-iron  iuhe  Xo.  39,  hrtetik  insertion,  manufadwrtd  at 
the  West  Foint  Foundry,  for  8-inck  muzzle- loading  rifle  converted  from  lO-inch  tmootk- 
bore  Rodman  gun,  under  contract  with  ike  Chirf  of  Ordnance,  U.  8.  Army,  daied  June 
19.1864. 


Total  leosth  of  tube  

ToIaI  IcngUi  of  inner  lnb«  Hid  Jaoket ... 
Pndeotkm  of  Vreooh  plug  la  itw  of  t«1w. 

L«ii|tli  of  Imv*  of  taw  

Laiifth  of  aoek  of  tabo  

Length  of  ohow  of  talM  

Length  of  first  rotnlbtoo  of  tate  

Loncth  of  He'Contl  reinforoo  of  tllbO  

Length  of  third  reinforce  of  tabo  

Leoeth  of  fourth  reinforce  of  tube  

Di»n)et4>r  of  bore  of  tube  

J  fiiinn  ter  <if  n«ckoftub«<  

Diaint'ti  r  «f  chase  of  tube  

Diameter  of  flmt  reinforce  of  tnbe  

Pianieter  of  socond  reinforce  of  tobe  

Di.iiiii  ii'v  of  thinl  reinforce  of  tnbe  

I>iameter  of  fourth  rt  inforcc  of  tube.... 
Lrngth  of  miUHle  collar  

JUamtfUt  of  muHlo  collai  {  I",\«rioV; 
VUa  bokween  muszlo  collar  and  neck  of 

Incinionn  in  mnzxle  ooDor  ....... 

Total  Icnjjth  of  jncket  

Ixjnpth  of  Jack)  t  in  n  ar  of  inner  tttbo....- 

Length  of  Jark(>t  ovr-r  inuor  tube  

Interior  diameter  of  jacket  over  inner  tnlx). 

Exterior  diunivter  of  tnbe  under  Jacket  

Correnponding  nhrinkage ........... ....... 

Total  length  of  Inner  tnbe  

Badlas  ofoorvooi  bottom  of  bore  of Jaokot. 
Bodina  of  oorvo  ot  bottom  of  tobo 
Sggof  dowotoO) 


Pro^ 


Jnehu. 
147.  M 
14a  41 
7.S5 


XUoibfli 


of  Aomh  iir  neaiag  Mbe  lo 
of  wrenght  iM  o«p  Kl  botlOB 


of  tnbe, 

Total  length  of  cup  

niaoMlNO  attetMlor  of  eop . ..  |  ^jji^^ 

Diameter  of  on  onrfhMOdO  

Pitch  of  threoo  on  cop  

Total  length  of  cast  iron  breecb  ping  

Len>:th  of  Itr.  och  pluc  within  Jack»t  .... 

Length  of  thread  on  breecli  pliic  

Diameter  of  breech  pliiK  ovim  tlirt-ads... 
Pitch  of  thread  on  breech  plnj;  .... 
Di.uTieter  of  ahoulder  on  breecb  plug  — 
Thi<  knt  >t8  of  Aooldor.toolodtoi 

Jul-  t  Kill. 

L«MiLt)i  i>r  -<iTi.ui'  :if  Uaae  of  TfHug 
Sill)-  <>t  snuare  at  baae  of  jdog 

Length  II  r  100111  Inn  yta 

on  plug 
Diameter 
OD  plOg. 


a0 
&ii 

t8.91 
7.0 

l&S 
&fl 

9.75 
10.8 
ll.fi 
13.0 
14.8 
15.6 

7.0 
9.  78 
11.85 
0.01 

0.  875 

2.0 
6U.41 
17.  41 
43.0 
10.5 
10.  .503 

0.  003 
123.0 

L20 

L2ft 

%% 

&15 

xn 

flL5 
T.tt 
4« 

7.8 


Inches. 


&0 
9.74 


9.75 


0.01 


AX- 


i:O.M 

i:0.03 


Three 
lofto* 


oorptai 


.0 
-.  01 


±0.03 


±aoi 

17.41  ±0.05 
43.0  '  iO.05 
10.503/  „ 
10.505 
0. 002| . . . . 


-.01 


Ul 


1.  -JO 

L25 
&t 

€171 

SlTS 

4f 

7.8 


Itotlietawb. 


24.M 
17.41 
1&41 
7.0 
0.25 
ft.  75 
1.S6 

6.0 
&.0 
4.18 

LO 


24.86 
17.41 
16.  41 
7.0 
0.25 
9.75 
L18 

(VO 
&.0 


^0.91 


^408 

4488 

4481 
4481 
«401 


±0.01 
±0.05 


±aoi 


L8 


003 
002 
001 


L(^ft  for  threodOk 
Not  rifled. 


Boogh  turned. 


is  "ecV 
wd  dtioui^na "  eriae 
from  the  fact  that  the 
tnbe  waa  flni»h«<l  and 
inaerted  in  the  c.tAiri^  at 
this  fonndrv  (auth»jritv. 
Chief  of  Ord  nance.  17.  S 
Army,   dufed  .Tnlr  1? 
imii;  It    wa«  f!i.  r.-f  r 
consider)')!  iinncc)'-a!«ary 
to  take  the  roiiKh  dimMh 
aions  here  omitted. 

The  tiuiahed  dim««n 
aionit  appear  on  iuep«c- 
tion  reportOf  gallOklt 
herewith. 
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Stport  itufeoHtm 


PHX8I0AL  FBOFIRTnS& 


Tenacity. 

1 

Elonga- 
tion por 
mcu  ai 
rapture. 

Bemarln. 

Moan  of  2  3-iDoh  apeoimeiis  ... 
Meaa  of  2  84iio]i  iq^tmoM  . . . 
MMBof  a  •4B«bi9ialaMU ... 

0.25067 
LMS 

T.1BM 

Lbi. 

50,500 

48,500 
48^800 

»,s8e 

Lbs. 
23,000 

26,000 

Inches. 
0.24 

a  314 
as? 

A-iron  2|  aowpt 

for  inner  tdlMk 
B-iroo  H  sqiiM« 

for  Jacket. 
B-iron  4  X  8i  z  a| 

for  Jacket. 
Oaai-iron  for 

bwech  plof. 

OBNSRAL  REHASKS. 

Hydraulic  test  of  tube  :  Prcsmiro  (;f  IL'O  youndH  npplieil  to  ionnr  tabo  when  rtnished  ready  for  assern- 
blace  with  jacket.  > 

Thia  tube  was  inadp  to  rpplnco  original  f  u1)r  No.      arci  ntt'cl  October  19, 18j?3,  which  failed  uuilcr  flr- 
roof  at  Uijit«-d  Stat«H  Proviun  Gronu<l,  Sandy  Hook.  >.  J. 


le  Jacket  of  the  old  tube,  as  fitted  to  th<>  ^mid  cnflini;  at  the  South  Boston  Iron  Works,  wan  taken 
off  (the  old  tube)  without  ii^ury  and  used  a<:Hiu  fur  this  tube.   The  inner  tubo  and  broech  cup,  tho 
caat-lron  breech  plug,  and  the  mnzxle  collar  uro  new.   The  innar  tohe  waa  made  from  a  new  lot  of 
bar-iron  (A  iron),  of  which  the  physical  qualtties  ano  eiTcu  abvv*.  Tha piydeal fnalHlM  9t  thaB-tVM 
<iaJaokat)  are  taken  from  iaipaotUm  npori  of  tubo  No.  39. 
Deatiaatkm  cf  tube :  Finiafied  tad  hia>rt>d  In  casing  at  West  Point  Foundry. 
1  oertlfir  that  the  foregoing  report  la  correct,  and  that  the  8-inch  coiladwsoacht-itoA  tobethania 
apo^fladsaa  boan  accepted  Mr  me  aa  oonformtsg  to  theataadarda  attn  ilti— irinmi  unilltrnf  ■■tariri, 
aad  charaoter  of  WMkmnalife  pwaortkad  ia  the  Ordnaaoe  DtumtuMM, 
Aasaatl,lltt4 

R.  BIBOTE,  Ja., 
0/  OrdiMMM*,  LupMtor, 


* 
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£«oord     meeumreaufHt«  with  $Uur  gauge  and  caUpert  0/  &-iuck  muizU-Unuling  ooMwrM 

irmk  teMrffoji  No.  38. 


0 

3 

s 

0  s 

5  *  3 

sis 
w 

A  0 
3 

i  =^ 

M 

I 

Diameter  of 
boro  before 
proof. 

Am. 

Jnekei. 

Inch. 

1 

1.710 

K.003 

2 

IL744 

aooa 

3 

9.742 



8.000 

4 

g.741 

&000 

r> 

9.739 

8.  oou 

6 

10.500 

10.490 

.019 

8.000 

7 

10.6005 

.  0205 

8.000 

& 

10.500 

10.  if^'J 

.020 

8.000 

9 

10. 5005 

10.  4H'J 

.  0205 

&0005 

10 

10.508A 

10.  4K9 

.  0105 

8.000 

11 

10.5085 

10.  4)^D 

.  0105 

8.0005 

12 

10.5085 

10.  461) 

.  0105 

a  o(w 

18 

10.5085 

10.489 

.  019:". 

H.  000 

14 

10.5065 

10.  4S0 

.  0 1 9," 

e.  000 

15 

10.  510 

111  \-i  \ 

.  02 

8.  (.HXI 

le 

10.  5085 

10.  m 

.  0106 

h.000 

17 

10.606 

10. 488 

.019 

8.000 

16 

10.  5076 

10.  4«« 

.  0185 

8.000 

19 

10.507 

10.  41H) 

.017 

8.000 

20 

10.507 

10.  4«« 

.018 

8.000 

21 

10.  507 

10.  491 

.016 

8.000 

22 

10.506 

10.  490 

.018 

8.000 

23 

10.5076 

10.  4tMI 

.0176 

8.000 

24 

10.508 

10.491 

.017 

8.000 

25 

10.508 

ia400 

.018 

&000 

26 

ia506 

10.  400 

.018 

8.000 

27 

10.  506 

10.490 

.  016 

KOOO 

28 

10l506 

10.481 

.017 

8.000 

29 

10.508 

10.401 

.017 

&000 

80 

10.506 

Ul4»1 

.017 

8.000 

31 

10.507 

iS.4ia 

.015 

&000 

8» 

lasora 

101481 

.0166 

&0O0 

88 

lOiSQT 

10.418 

.016 

8.000 

34 

10.507 

10. 402 

.015 

a  000 

35 

10.507 

10.492 

.015 

8.000 

36 

10.  507 

10.492 

.  015 

&000 

37 

10.  507 

10.492 

.  015 

7.0995 

88 

10.507 

10. 491 

.01(1 

8.  000 

88 

10.507 

10  491 

.016 

8.  000 

40 

10.  5005 

10.  491 

.  0156 

K.  000 

41 

10.  500 

10.  491 

.  015 

aooo 

42 

10.  506 

10.491 

.016 

8.000 

43 

10.  506 

10.492 

.014 

aooo 

44 

10.  ."ion 

10. 492 

.014 

aooo 

iS 

10.506 

la  491 

.016 

aooo 

40 

10.606 

10.491 

.015 

aooo 

47 

10.506 

10.402 

.014 

aooo 

48 

10.506 

10. 491 

.015 

aooo 

40 

10.506 

IP.  491 

.016 

aooo 

50 

10.  5tK5 

10.491 

.016 

aooo 

51 

10.506 

10.492 

.014 

8.000 

52 

10.506 

10.492 

.014 

8.  000 

58 

ia50« 

10.  402 

.014 

8.000 

64 

ia&06 

10.  402 

.  013 

K.  000 

65 

10.506 

10.492 

.013 

8.000 

60 

10.505  ' 

10.492 

.013 

aooo 

57 

10.5046 

ia482 

.0125 

aooo 

68 

ia506 

10. 492 

.018 

aooo 

60 

10.505 

10.402 

.013 

aooo 

00 

10.  506 

ia48i 

.018 

aooo 

a  10.SOS 

la  488 

.818 

&000 

I 

Q 


62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 


71 
77 
78 
79 
80 
81 
82 


64 
85 

86 
87 
88 
80 
90 
01 


04 

95 
96 

97 
98 

99 
100 
101 
102 
103 
104 
105 
106 
107 

m 
100 
110 
111 
112 

113 
114 
115 
116 
117 
118 
110 
120 
121 

m 


T-  H 

4  0  S 
•  g 

6  A  ^ 

5  A 

M 

=  c  a 

M 

►1 

fl. 

e  C 
e  1 
"r 

S  £  ?  ' 

ill  1 

In«K. 

IMk.  1 

10.505 

10. 492 

.013 

aooo 

10.5046 

10.402 

.0126 

aooo 

10. 504 

10.  493 

Oil 

0,  wv 

10. 504 

10.  49 J 

01  1 

10. 504 

oil 

0.  WUV  1 

aooo 

11.4905 

11.475 

.0155 

6.  QOO  j 

11.402;> 

11.  477 

.  01. v. 

000  ' 

11. 40-i 

11. 475 

.017 

H,  Ot'O  1 

11. 492 

11.  475 

.017 

'I'M)  1 

11.4915 

11.476 

.  01&.'> 

^.  wo 

11  4915 

11. 477 

.0146 

aooo 

U.  4015 

11.478 

.0135 

aooo 

11. 4015 

1L4T8 

.0185 

8.000 

aooo 

aooo 

ia4685 

H.  600 

13.4905 

.  ..  . 

8.  000 

la  5015 

13.  40r..'i 

.  006 

N.  (too 

18.5015 

13.  4045 

.  007 

K.  000 

la.  5015 

13.  494 

.0076 

aooo 

13.  :^i5 

13.  4»4 

.0075 

aooo 

18.  501 

ia494 

.007 

8.000 

13.  6015 

ia4S4 

.oon 

8L008 

13.  .WIS 

18.4886 

.008 

&088 

13. 5015 

18.488 

.0088 

8.000 

13. 5015 

18.406 

.0086 

&000 

13.5015 

18.4066 

.000 

aooo 

8.888 

13.8016 

18^488 

.0088 

18.0016 

18.408 

.0088 

[  &088 

18.8016 

18.400 

.0(»6 

aooo 

ia601 

ia4066 

.0065 

aooo 

ia50i 

\  13. 4055 

.0065 

aooo 

ia5oi 

13. 495 

.006 

aooo 

lasri 

1.14045 

.0066 

aooo 

la  .^1 

13.495 

.006 

aooo 

13.  5015 

13.  495 

.  0065 

8.  006 

13.  5015 

13.  4!M5 

.  007 

H.  000 

007 

13.  5015 

13.  4045 

.  007 

7.9905  ! 

la  5015 

13.  495 

.  0065 

8. 000  1 

la  501 

ia4955 

.00&5 

a  000 

ia50i 

ia495 

.006 

a 

lasoi 

ia405 

.006 

a  000 

13.  501 

13.  495 

.006 

a  000 

13.601 

13.  4055 

.OOM 

8.  000 

la  501 

13.  405 

.  006 

8.  000 

la  501 

13!  4955 

ioo.is 

aooo 

lasoi 

13.  496 

.  005 

a  000 

la  601 

13.4055 

.0066 

aooo 

la  601 

18L48IB 

.8086 

aooo 

aooo 

U.  fVj'i 

14.  6925 

.0035 

a  000 

14.606 

14.6085 

.0036 

aooo 

14.006 

14.6026 

.0086 

aooo 

14.696 

14.6925 

.0036 

14.606 

14. 6915 

.0046 

14.696 

14.080 

.008 

14.606 

14.0008 

.8086 

14.0066 
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Record     munmnmimU  vAtk  atar  gauge  and  caHbert  of  S  lnch  mumU-loading 

rifle  breech  inaertion  No.  39— Coutiniu'd. 


AFTER  KIFLINO  TO  BOTTOM  OF  GKOOVES. 


4 
14 
24 


S  I  3 


8.146 
8.146 
8.148 


34  &147 

ai4« 

8.147 
8.147 
8L14S 
&166 
ftl06 


44 
54 
64 
74 
M 
M 


8. 151 
&151 
8. 150 
8.151 
&  147 
8. 148 
8.148 
8.147 
8.160 
100 
I&IU 


1 


8. 150 
8.140 
8. 148 
&148 
8.148 
a  147 
&147 
&149 
&18t 
&156 
&1«2 


I 


1 


1 


8. 151 

18.  151 
8.  U8 

aiM 

!&  180 

am 
ai8t 
a  154 

a  ISO 
ai02 


8. 154 
a  154 

ais8 

&148 
&140 

Km 

IM 

ai54 
a  166 

I 


8. 140 

a  140 
,a  140 
a  148 
a  147 
auo 
am 
,auo 

AIM 

a  154 

iaio 


1-1 


si 
1 


a 
m 


a 
o 


1A 

rs 
a 
m 


1 

s 


i 


a  147 

8. 147 
&148 

:ai48 

'a  145 
laif? 

JL1I9 

laiso 

a  198 
ai65 


|8. 151 
|8. 140 
8.148 

,ai48 

^140 

a  190 

i&UO 


aiM 

a  154 
a  161 


a  151 
a  154 
la  149 
iai47 

a  147 

,8. 148 

a  152 
la  153 
a  153 
a  164 


a  150 
a  152 
a  140 
,ai4e 
jaiso 
auo 
a  150 
ai54 
a  186 
aiB2 
ai64 


a  105 
a  1G2 
,a  150 
a  160 

8. 165 
&16tf 

la  107 
a  let 

'a  168 

'»  175 


ja  175  ji 


8.  H8 

a  150 
a  150 
a  150 
a  150 
a  150 
,ai5o 

i.180 

jaiso 

a  158 
a  157 


a  161 
a  150 
a  140 
a  140 

a  150 
a  150 
iai5i 
lam 

a  157 
a  159 


I 


0.  0755 
0.  0755 
0.  0750 
0.0745 
0.0745 
0.0750 
0.O75O 
a  0755 

ao77 

0.0785 
0.0796 


Btwtrt  of  intpecHon  and  proof  of  S-inch  muzzle-loading  rUle  No.  39,  converted  {breeok 
nuertion)from  lO-inch  Rodman  smooth-bore  gun  No.  —,  at  Mtf  WtliFtilti  Fvtminf,  r 
camtruei     tke  Ck^f  qf  Ordmmee,  dated  Jume  lit,  1883. 


Sattfoefcaf 


Haxiiiiuni  t-cc*  i.tt  ^  ify  ofl)orcof  ca/tiuj; . . . 
Dirttauce  from  bn  tch  to  first  «houlder  of 
casing. 

Cleorance  nt  first  shoulder  between  tube 

and  cHHing. 
Distance  from  breecb  to  s«'cond  slioubb  r  of 

Clf-arance  at  st-coud  sbotilder  between  tube 

and  caaint;. 
Disfjince  from  brvecli  to  third  «houldor  of 

catting;. 

Clearajice  mt  third  tboulder  between  tube 

and  oanlng. 
Mean  exterior  diamet«r  of  finished  tnbo 

from  •orew-bead  to  first  shoulder. 
Camfpondini;  meea  diaaeter  of  b«re  of 


CanmpondiuK  play  

Moan  exterior  diuneter  of  flniahed  tube 

ttum  llxet  ehonldw  towMMad  alioaldflr. 
ComapoadtaiK  mooii  4HMiwi>iir  of  boM  of 

OMfng.  ^ 

Corresponding  play  

Mown  exterior  <ttoaot»  of  taMmi  Mni 
from  seoood  ibookUr  tolhlii  ilwdte. 
CorreapoodteC  MOB  dImotOt  of  botO  of 

caaing. 

CorreHpondlngptay  , 

Mean  exterior  dUHieter  of  finished  tubo 

from  third  shonlder  to  neck. 
Corresponding  mean  dlametor  of  bore  of 

caaing. 

Corresponding  itlay  

Length  of  uiu/.ne  <  ollar  

Length  of  r^'oees  in  (.n.Hiii;;  for  timzzlo  col- 
lar. 

Length  of  screw  on  mii/zl<  < ollar  , 

Length  of  acrew  on  nH-enH  in  caning.  

£xceM  in  1f>n2tli  of  .«rr.  w  on  ooUitf  OTer 
that  in  re< .  sh 

Diameter  of         over  neck  

Interior  diani'  trrofm 
ComvoadisK  play  ■  • . 


Original  jrnn  No.  39  on 
this  rontruct  wan  con- 
demned   under  flrinn- 

8 roof  at  United  Stntea 
rdnanre  Proving 
Ground,  Sandy  tlook,  N. 
J.  (.See  Lieut.  C.  NV. 
WhinploH  indorsement 
duten  Samlv  IIooIl  K> 
J..  AprU  1, 1884.) 
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JUport  qf  intj^tion  and proqf  qfH-utch  musxU-loadtng  rijle  No.     — Cuutiaaed. 


VariatioB*. 

Al- 
lowed. 

ActaAl. 

±o.<a 

iO.OS 

0. 
±  0.  01 

0. 

0. 
±0.  05 

i:0.05 

0. 
i0.02 
+  0.2 
±0.03 
i:O.Ol 

j 

... 

 1 

-.08  1 

....... 

-.05  1 
-.05  j 

:kO.O0S 

-K0006 

0. 

±0. 005 
±0.  01 
±0.  01 
±0.  01 

±0.01 
i;  0.005 

I*" 



Dlamet^T  of  mtiztle collar  across  thnads.. 

Dlaniftor  of  rectum  in  caHini^  

Play  iH  twet'ii  oillar  and  cusiug  

ThirkiifHH  (it  l  ollar  

Pitch  ol'  lhrt>ad  OD  coUaf. 
Length  of  imMWOBJAoId 
at  liaAe). 

Pltrh  of  Ht  r<'W  on  Jat  kt  t   

Diaiuf  1*1-  of  ja<<ktH  acrow  tbrttoda 
CorroMp()ij<liDg  iliametVOif  OMiaS 

Corresponding  play  

Length  of  l>orc  of  tube  

Length  of  rifled  portiOD  of  bon... 
Diametir  of  boreaentMlUBdi 

Width  of  groow.  •>.> 

Widtli  of  lands  

Number  of  grooree  and  Uods  

Depth  of  KrooToa 


OimiMloiis. 


» •      •  •  «  •  • 


7ilok«f  slflliMt  

Diameter  of  vent  

Diamet«r  of  ventbuohiug  

Axin  of  vt'nt  from  bottom  of  bore.. 
Axin  of  veut  to  left  of  vertical 
through  axis  of  bor«?. 

Lonj;th  of  sci'iiriu^  piu   

Diamt  tcr  of  m.  i  uring  pin   

Distance  of  securing  pin  from  musdo 


plane 


scribed. 


11.76 
11. 76 

0.01 

1.0 

0.5 
U,S 

2.50 
15.5 
15.505 

0.005 
117.25  { 
107.25 

&0 

0.8082 

0. 349 
94.0 

0.076 

aoi 

0.11 

1  in 
80  ft. 

0.2 

aos 

460 

160 


AotuaL 


11.75 
11. 76 

0.01 

1.0 

as 

14  IS 

2.50 

15.  r> 

0.  tK)5 
117.20 
107.  20 
8.0 
0.G06S 
0.840 
24.0 
0.07M 
401 
OLOt 
1  In  \ 
30  ft.  J 
0.2 
0.98 
4.50 
2.  50 


Dv  anthonty  of  '-^ 
Chief  of  Ordnaaee.  T.s- 
Aniiy.  datod  Jnly  11 

lM*4.  the  present  pu;  tlit 
hi-ru  Ooluplet<»d  at  \V  i 
foundry  and  replac  - .  ' 
original  jtin  of  '^-^ 
nunibcr 

Tlie  cant-iron  t-s;; 
of  original  gun  hi»hi»t 
ut«ed  again  witkout 


«.  20    I    0. 20 
l.r.     :  1.5 
60.0  00.0 


ation;  also 
Tent  piece. 

The  original  wroof  b> 
tTOO  jACket  haa  bra 


 ,  bv  alight  !!• 

ting  on  oQtaide  b*t*«« 
"seraw  bead  and  fcit 
•  boaldar  of 
tab*." 


1.  Wro«g;ht>lnia  1 
tube  and  broach  ran. 

2.  Wroa^bwa* 
zle  coUar. 

S.  Cast-lrai  biMd 
plug. 

4.  S  p  c  n  r  i  n  g  fit 


WWgbtofgnn   1 5, 085  pooadi. 

Pbmiflol  properttoa :  (Soe  taq^octt—  f^p«n«f  oolM  mvu^Mnm  tebo  Ko.  SO  (dnplicato)  for  MaA 
■uuHo-loMiiiK  fillfi  hrniMih  fDNrtknk) 

iMrtUythMtiMMhrirlngrMioiiisoom^  rifle  thoreia  aMoUUd  bM  bM«» 

ntglM.  by  no  M  oonftwmtDg  to  tbo  otaadacda  aa  to  dimeaaiona,  quality  of  motonal,  and  otameltfc 

LVgUia,  ^  BIBNIE.  Jr.. 

  Lieutenant  9f  OrdiMUiM,  iimMCbr. 

VOW]>SE  VIOOV. 


VO.0I 
flxo. 

Time. 

Powder. 

PrqIeotUo. 

Eleva- 
tion, in 
do(i.H)i)ii 

Pr*»a«nT* 
lb*,  per  «4 

Day. 

Kind. 

Weight. 

Waight. 

1 
2 

Angnst 
Angoat 

80 
80 

fDa  Pont'a  ItezagO 
J    onal,   E.  V.  M.  ( 

1  SSL'k  '-""4 

J^NMldl* 

3.'. 

1  " 

liufler  (old) 

FMMdfc 

180 

0. 

S8 

XNLABGEilBNT  OF  BOSS  AFTEJi  PUWDEK  PKOOF. 


Incb^isjfrom 

Original  di- 
aaietar  of 
bofa« 

Blametorof 
bora  alter 
flrlaf. 

Totat 
oalai:^ 

Knlurgenient 
Plar  of   after  deduct- 
tOM.    1  big  play  of 
>  tube. 

loa  1  &ooa 

74  •  4008 
80  '  4009 

JfiuiMo 
4008 
4000 
4014 
4004 

4006 

4007 

0.012 
0.002 

JimA.  *  Zmth. 
4006  1  40000 
40006  40006 
0.0146  40000 
a 016  .  40000 

'  Oreateat  aahrgiwat 

X  oartliy  tbai  tho  8-inch  rifle  above  apeolflod  baa  ondured  MtbCMterily  the  powder  pcwMTpnocriM 
nrtbe  Ordnaaee  Dopartmrnt. 

Tlaea  of  praoft  Saady  Book  Proving  Otooad.  0.  W.  WHI  r  PLF, 

Llevtmani  «f  Ortfaaaoi.  Fronf  (/jfcrr. 
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SUur-gaugirtg  of  &-inch  mus£b-loading  converted  rifle  Ko.  39,  breeoh  in$eriUm» 


trom 

of  bore. 

DiaiDfltor 

BktttfT  two 

roanda.  { 

j 

1  Tncbes 
from 

j 

Original 
difiineter 
of  boro. 

after  two 

ronnds. 

T  n  »IL 

J  nCn€M. 

I 

-  . 

tlWI 

fi  tuiO 

ft  AAK 

iVa 

fit  AAfi 

1  s 

0.  W* 

R  om 

1  At 

J  two 

w 

fi  nn9 

R^  ttU 

JIM 

I/" 

*  fl  fW«^ 
o.  \nJi 

J  U_ 

n.  IJ^fi 

Q  IMM  1 

Kit 

SL  OAt 

1  ri  1 

Or  Wvtf  1 

I 

r.  i^fv 

O.  \n/9 

'  «;•> 

K  CMF*' 

.  u 

ri.  i*\i.. 

ur5 

9. 

•%  UUo  1 

4o 

R  AAA 

VI 

fl  tttiSt  1 

WD 

fi   AAfi  ' 

o.  UUo  1 

44 

fi  fUi9 

aoos 

fl  Anfi 

O.  IfUo 

R  fl09 

>• 

fi  nn9 

o  Aiua 
0*  VUD 

W 

fi  nos 

R  OA? 

mi 

A  AAA 

■ft 

R  no9 

M 
M 

BB 

R  009 

fl  luvr 

Uh  Wi  1 

BA 

R  009 

R  OAS 

DA 

B  out 

fl  MVf 

BB 

B.  MB 

R.  009 

•V 

S  AM 

VUV 

ft  MM 

Uw  VUO 

fi.  flAQ 

fi  AIM 

fl  AAA 

Ml 

JL  am 

Off 

Of 

B 

Ok  Wis 

fl  AAA 

2u 

fi.  AM 

B  AM 

•M 

OT 

B  AM 

fl  niik 

fi  no9 

B  AM 

w  WW 

B  KM 

fl  fllA  ' 

B  MA 

11.008 

84 

&002 

&010 

20 

8.002 

88 

&002 

8.010  1 

18 

8.003 

&008 

82 

&002 

p.  010 

10 

8.  003 

8.003  I 

81 

&002 

8  (KIU 

14 

e. 

aoo3  1 

80 

8.002 

8.006 

12 

003 

78 

8.002 

8.0O6 

10 

78 

8.002 

8.011 

8 

a  003 

aoos 

74 

8.002 

&014 

6 

a  003 

&008 

72 

8.002 

8.014 

4 

a  003 

70 

&002 

8. 010 

3 

a  003 

&00B 

68 

8.002 

8.006 

1 

8.00S 

t6 

&002 

&ao6 1 

FxMittM:  FtortTCOBdtMkMO;  MOond  tvud,  M^MOi 
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360  SEPOBT  OP  THB  CHIEF  OF  OR09AHCB. 

BECORD  WITH  TBSTINO  MACHINB. 

Speoimm  of  VUkt  lute  inm  wwludA  7,  UJum  wiAtlu/iber /r<m  lot  o/2i  i»ek  mmtnhm 
of  A  Irm  fMM       12,1684,01  mm  Fdmt  H^umdrg. 

LMigfllOf  q^MlaiMi  between  should«n«:  OrigiDnI,  3.00  inch ;  after  rnptare,  3.774  inches.  DiaMHrrf 
I  ipMimen :  OzigSnal,  0.871  Inob  (  After  snptaza,  4.482»  0.4SS  iiak ;  bmui, •.4M  iiiak.J 


1 

MflMDZV- 

1 

XlAlftBtlTW- 

1 

! 

MeMnre- 

Weight 

d«r  ttreas 
■  Iwiyth. 

tit  1  ' Tl  f  U    1  1  '  . 
IhV  >  <  (1   lit  f  114 

Ht  Tt  ''^S^- 
1  1 

Weight 
•pplMiL 

1 

nMittttn- 
d«r  atresa 
— teigth. 

m    1 1 1  ^  T^A_ 
kl(  \  iiifiu 
Ht  I  — ~ 
1  An  if\  ti 

Pouna«. 

Pounds. 

2M.  1 

.  221 

.  221 

6, 914. 7 

.287 

AAA 

.288 

ol2. 2 

.  221 

.  221 

7, 170. 8 

.287 

AA^ 

.284 

768. 3 

.  221 

.221 

1      7, 426. 9 

AAA 

.289 

.286 

1,024.4 

.  221 

.221 

'      7, 64@.  0 

.244 

.til 

t    AAA  C 

1, 280.  6 

AA1 

.221 

,      7,  939. 1 

.288 

.M0 

1,  536. 6 

•  381 

.221 

8, 195. 2 

.98C 

.158 
.Mi 

1.792.7 

.321 

j      8, 451. 3 

*MT 

2,  04S.  8 

.221 

8, 707. 4 

.2T7 

.2T8 

2.304.9 

.» 

.221 

8,963.5 

. 

.277 

2,561.  U 

.228 

.221 

0, 219. 6 

.292 

.  287 

^817.1 

.212 

.221 

9, 475. 7 

.305 

.301 

i,m.t 

•  2S3 

.221 

9. 731. 8 

.309 

.304 

3, 320. 3 

.222 

.221 

9.987.9 

.326 

.821 

8.585.4 

.222 

.221 

j     10. 244. 0 

.335 

.830 

.222 

.221 

1      10,  ,'-0(1.  ] 

.  .J9l 

.855 

4,  uy;.  6 

.222 

.221 

10,  7iU.  2 

.-.m 

.859 

4.353.7 

.223 

.221 

11,012.3 

.862 

4,609.8 

.223 

.221 

11. 268w  4 

.44>a 

k          .899  t 

4.865.0 

.223 

.221 

11.  524.  5 

.411 

.  404 

5. 122.  0 

.223 

.221 

11.780.6 

.444 

.431) 

5,37a  1 

.223 

.221 

1     12, 03a  7 

.451 

.  444 

5,634.2 

.224 

.221 

1     12. 292. 8 

.498 

.  490 

5,890.3 

.224 

.221 

12,  548.  9 

.607 

.  499 

6, 14a  4 
*6. 402. 5 

.224 

.222 

12.805.0 

,687 

.561 

.235 

.232 

13.  061. 1 

.776 

.T8B 

.2M 

.2» 

i  13,817.2 

.806 

*T1m  iMord  itroliablo  ap  to  the  elaatio  limit ;  ftt  24,000  poiinib  p«r  aqnare  inoh  tatt  mxudh  pr«uo» 
'WM  Mxddentally  applied. 
Spedmen  taken  from  end  of  bar  incladed  in  lot  of  iron  (different  bar  from  AT). 
Tested  at  United  Btatoo  Ofldnuioe  pravtiic  graaad,  Sitiidy  Hooic,  V.  J^.,  Mij  H 1884. 
Teeted  bj— > 

C.  W.  WHIPPLE. 

LrufuUnarU  nj  OrUnanu^ 


Digitized  by  Googl : 


lEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


361 


Ti^U  of  deduced  r^ulU. 


« 

Extension 
per  inch  in 
length. 

Snccf»«ive  ex- 
tension per 
in.  in  length. 

JVtMCff. 

Jiuh. 

1.000 
»    »  I, 

9,000 
10.000 
11,000 
12,000 
11,000 
KOOO 
1^000 
16,000 
17,000 
18,000 
19,000 
20.000 
21,000 
22,000 
23,000 
24,  OOO 
25,000 
28,000 
27,000 
28,000 
20,000 
80,000 
31,000 
32.000 

at,  000 

84,000 
36,  OW 
36.000 

37,000 
38,000 
30,000 
40,000 
41.000 
42,000 
43, 0(H) 
44,  Ofio 
4;',  0(i<t 
48,000 
47.  (X)0 
000 
49.  000 
»),000 
51,000 
S»000 


,0003i 
.0008{ 
.0003] 


.00031 
.0. 

a 

0. 

a 

0. 

t. 

0. 

.0003i 

0. 

0. 

0. 

0. 
.OOOti 

0. 

0. 

.  mtii 

.00031 

.  0lt03| 
0. 

.00064 

.00161 

.003 

.001 

.0036! 

.00334 

.0010} 

.003.34 

.00434 

. 0013$ 

.00581 

.003 

.00861 

.001 

.00181 

.0126} 

.0016§ 

.011 

.0023i 

.01561 

.003 

.02661 

.063 

.078 


o  3 

■5  S  s 


.0003| 
.0008| 
.0003, 


u  9  9 

CD 


Jnth, 


.600S 
.0008 
.0003  I 
.0003 , 
.00061 
.0006} 
.  ooor>| 
.  mm\ 
.  ooooj 

.001 

.001 
.  0i  M>6j 
.001 

.oom 

.0013i 
.001 
.001 
.001 
.00181 
.601 
.001 
.0013i 
.0016} 

.oor 

.0013 
.0016 
. 0016} 
.0016} 
.002 
.0016} 
.  002 

.  oni.'3i 

. 0023i 

.ooifji 
.  ooj:<J 

.0026} 
.0026} 
.002 
.0036} 
Broke. 


.0003i 
Q, 
6l 
0. 
9. 

a 

a 

0. 

.00031 
0. 

0., 

0. 

0. 

.00031 

0. 

-.00034 
+.0O03{ 
-t-.  0O03i 
0. 

-.0003i 
0. 

±bt 

0. 

,00031 


1-3 

9  W 


U 


Ineh, 


61  1  + 


0. 

00034 
+.  OOO3J 
0. 
0. 

+.00034 
-.0003} 
-f.  0003? 
+.0003^ 
0. 

-.0006} 
+.00061 
+.0003 J 
0. 

-.OOMi 


.0036} 

.00361 

.004 

.00481 

.005 

.00061 

.0008 

.0106 

.0148 

.0178 

.0186 

.  on 

.0266} 

.0276} 

.03884 

.0363) 

.0446} 

.046 

.047 

. 0593i 

.061 

.  07261 

.  074 3| 

.0896} 

.0926} 

.18 

.18111 


JndL 


.008 
.00181 

.0038{ 

.0046} 

.001 

.0056} 

.003 

.00834 

.0013{ 

.001 

.012.14 

.0016} 

.0116} 

.0016} 

.01531 

.003 

.08784 

.OtlSi 


OSNXftAL  SUMMASr. 


8pc«iflc  irravitj  

UMdnesrt  

BlaAtie  limit  

Extension  per  inoh  at  daatlo  limit  

Ultimate  reelBtance  per  sqaare  inoh  of  origiuAl  1 
UltimAte  eztensioQ  per  iaeh 
Sfttio  of  «lMtleto  uwimafni 
Oriicinal  >w»of  aiwn— etton... 
CoBsmetioD  ia  area  at  fk«etare. 

TTltlnmte  realatanee  per  aqoare  Inoh  of  fraettired  area  pounds. .  91, 700 

PoMition  of  fractare  one-fonrth  dlstanosfrom  upper  shonMcr. 

ChM-acter  of  surface  uiuform  Hbrous. 


28,000 
.inoh..  0.001 
 ponada..  S\000 

 r..iMiu.  oin 

 %n 

.aqnaretiMk. 

por  cent. .48. 8 
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^lEPOfiX  OF  THE  CHI£F  OF  OKDNAHOB. 


SBCORD  WITH  TB8TINO  UkCBIBfE, 

Sjfcoimem  oj  UlsUr  tube  itoHf  sMiriwi  A  7f  taken  with  the  Jiber  /ron  lot     2^  inok 
(or*  of  A  frtm,  reewjvfd  Ma^  12,  16^,  a<  Wt$t  Point  Foundri/. 

[L>fcrth  of  apeeiBDoo  between  shoolders :  Original,  3.00  iaolxM :  after  rupture,  8.MB  tnoliea.  DiaoMittr 
«<  mcto—  t  Otilif^iiri.  0^  toeh  t  Jhr  raptaw^  Mlj  iLltt  left  t  matn,  fawfc.] 


■Weii:Til  up. 
plied. 

si 

a  J; 
Hp 

s 

- 

B  1 
a  ^  S 

i 
1 

,  plicNd. 

• 

s  1 

s  i 
©  •  — 

*i 



Inch. 

;  Pounds. 

.2M.1 

.37S 

.273 

6,658.6 

.286 

.283 

512.2 

.tn 

.273 

5. 914. 7 

.291 

.287 

768.3 

.S78 

.273 

1      7. 170. 8 

.296 

.  293 

l,02i.4 

.273 

.273 

!      7. 426. 0 

.300 

.'^  i 

1,*J80.  5 

.273 

.  •JT3 

7,  t)S2. 0 

.308 

.304 

1.  5ua.  6 

.273 

.  273 

7.  »3a.  I 

.316 

.812 

1, 792.7 

.273 

.273 

8. 195. 2 

.  3-.'C 

.821 

2.048.8 

.274 

.273 

8, 451. 3 

.832 

.  274 

w  711""  A 

2.561.0 

!274 

.273 

^i>€3.5 

.850 

.345 

2, 817. 1 

.274 

.273 

I  0.210.6 

.366 

.862 

3,078.2 

.274 

.278 

9.475.7 

.372 

.306 

3.329.8 

.274 

.273 

9.731.8 

.3'Jl 

.386 

3.586.4 

.274 

.278 

9. 987. 9 

.3V7 

.892 

3, 841. 5 

.274 

.273 

10, 244. 0 

.425 

.420 

4, 007.6 

.274 

.273  1 

10,  5ft0. 1 

.433 

.427 

4, 353.7 

.27.^ 

.278  1 

111,  750.2 

.461 

.455 

4. 600.8 

.275 

.273 

11. 012. 3 

.478 

.471 

4,805.0 

.276 

.273 

11.268.4 

.501 

.494 

5.122.0 

.275 

.273 

1  11.624.5 

.535 

.528 

5,87ai 

.276 

.273 

-  11.780.6 

.572 

.564 

fi,  634.2 

.276 

.273 

12. 036. 7 

.617 

.608 

1^800.8 

.277 

.273 

12. 292. 8 

.679 

.670 

6,140.4 

.877 

.275  1 

.MS 

.278 

Bpecfanen  tnltcn  fVom  end  of  bar  included  in  lot  of  iron  (diflerent  bar  from  A  7). 
Il'eatod  at  United  State*  Ordnanr«  Proving  Qronod,  Sandy  Hook,  N.  J..  May  24.  1884. 


C.  W.  WHtFPLK, 


Digitized  by  Google 


REPORT  OF  THfi  CHIEF  OF  OBDNANCB. 


363 


MIt  of  dtduoed  retulU, 


Permanent  set 

per  inch  in 
length. 

9  3  b  a 

w 

Inch. 

Inck. 

Pound*. 

1,000 
•   *  * 

8,000 
0,000 
10,000 
11,000 
12,000 
UkOOO 
HOOO 
16.000 

la^ooo 

17,000 

u^ooo 

10,000 

20.000 
21,000 

22,  000 

23,  000 

24,  000 

25,  000 
26.000 
27.  000 
28, 000 
29,000 

30,  000 

31.  000 
32.000 
88,000 

Hwo 

SB^OOO 
86,00t 

37,000 

38,000 
89.000 
40,000 
41,000 

42,  000 
43.000 
44.000 

45.  000 

46.  000 

47.  OOO 
4H.  000 
49,000 


.0418, 
.0500 
.0S33 
. 0626f 
.06831 
.076 
.0873J 
.  099Cf 
.  n46» 

.  i3:.3i 
.2:^3 


.003 
.00161 
.006 
.00234 
.00631 
.002 
.00931 
.00201 
.  00t«3i 
.  0050 
.  0076 
.0113 
.  0123 
.01.'. 
. 0206| 
.08761 


.oooof 

.00161 
.00331 
.0046} 
.00661 
. 00701 
.OlOSi 

.ou 

.016 
.01961 

.0^ 

.024 

.02961 

.031 

.03761 

.03961 

.049 

.  05131 

.06061 

.066 

.07361 

.085 

.097 

.11161 

.18231 


.0006} 
.001 
.00161 
.OOlSi 

.002 
.001 

.oosot 

.tOMI 


.OOM 
.0016 
.0056 
.0013 
.0066 
.002 
.00934 
.00231 
.00934 
.00531 
.00761 
.01131 
.012 
.01< 


QSKJUUI.  SUMXAJiY. 
Specific  gravi^. .....•.•«.•...•.•.••.•.■.•..•....  

KlastJi'  limit  pounds. .    23.  000 

Bxteu'^i""  ])<'r  inch  nt  cliiHtio  limit   .iiK  h . .  0.  00133 

TJltimate  rcMi.stanre  per  sqaare  inch  of  orifiaal  axMk*....********.**. •.•••«.••. .••••.pouiMU..  49,000 

TJltimate  oxtt*nHitm  tier  inch    -  mn  t   0. 228 

B»%io  of  elAstio  to  ultimate  realalMMe  3. 13 

OllCkDB^  areaof  crosa-aoction.  ..«.»>«««.»«««■..».««»««..»«».«»«».»........».»... ..O^pMMPOtoril..  6l  25607 

OoArwition  in  area  al  liaotauro...  per  cent. .    44  86 

Tniliiiitii  Trniitmnn  pnr  ttimrn  Innli  nf  ftintnnfl  ■nw  poonds  .  88»87t 
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PUTE  I. 


i<  I II  n  I  iT»— laN. 


Digitized  by  Google 


Digitized  by  Google 


■ 


Appejstdix  27c. 


CONSTRUCTION  EEFORT  UF  FIFTY  CM  iiliLI^6  CONVERTED  FROM, 
¥)-lsrH  RODMAN  SMOOTH  BORE  QUN3  BY  LDfim  WITH  WROUmT* 
IMON  TUBES,  B&EECE  lHaBRTlON. 

VT  IiUUT*  H.  D.  BOEUPi  OUKMAKOB  BSPAMMUIT. 

Undor  dnto  of  Jnrio  12,  1884,  the  Oliiof  of  Ordnance  eoiitrncted  for 
fifty  8-iiich  ijtk.s  ( erted  Irom  lO-iucli  Kodman  smooth-bore  gnnn  by 
liniug  with  a  wiuugiit-iron  tube  (breech  iDsertion).  The  tubes  were 
ikbiieated  at  tbe  West  Point  'Fomdiy,  wbXIe  the  OMfon  weie  pre* 
pared  ami  the  parts  assembled  by  the  South  Boston  Iron  Works. 

A  detailed  description  of  this  method  of  conversion,  ^vith  the  reasons 
therefor,  is  given  by  Colonel  Crispin,  U.  8.  Army,  in  the  lieport  of  the 
Chief  of  Ordnance  for  1878,  page  351. 

THE  OA0IN0* 

^ie  conaletB  of  a  10-inoh  Bodman  smooth-bore.  Placed  in  the  lathe^ 

tiie  cutter  pierces  the  breedi  to  the  size  of  the  bore.  It  is  then  reversed 

riTid  1)(ired  tbron^rli  to  a  diameter  of  lo.f)  iiir^hes,  and  the  recess  for  muz- 
zle  collar  and  thread  cut.  Reversed  again  it  is  lirst  counter-bored  to 
11.5  inches  diameter  for  a  distance  of  68.16  inches,  then  to  13.5  inches 
foir  m  distaoee  of  indhea. 

The  breech  screw  Is  out,  aod  the  casing  is  ready  for  inspection.  About 
a  month  elapsed  after  the  first  casiTip:  entered  the  mill  before  it  was  fin- 
ished ;  afterwards  the  average  oat-put  was  one  pec  week.  Four  latheA 
were  kept  in  operation. 

THE  TUBES. 

The  tnbes  fabricated  at  tbo  West  Point  foundry  are  formed  of  coiled 
wrought-iron  bars,  nurrouiided  by  a  jacket  ol  the  same  aiaterial,  com- 
mencing at  77  iuches  from  the  muzzle  aud  extending  about  1G.66  iuciieis 
beyond  the  breech.  The  base  of  the  tube  St  dosed  with  a  cup  made  of 
tobe  iron  serap,  against  the  rear  Ihoe  of  which  is  the  breech  ping  of 
cast  iron  screwed  into  the  jnolcct. 

They  were  r('( cived  at  this  touudry  rough-turned,  and  finished  bored. 
Each  tube  wa^  tirst  riiled,  aud  then  turned  with  special  reference  to  the 
casinff  it  was  toenter,  the  diameter  of  which  had  been  previonsly  deters 
mined  by  the  star  gauge. 

The  muzzle  collar,  also  made  of  tube  scrap,  was  fabricated  at  the  West 
Point  Foundry,  and  received  here  roagh-turned.  It  was  ilnished  and 
the  screw  thread  cut  here. 

ABSBMBLUIO  OV  THB  PIBTB. 

After  the  tube  was  finished  it  was  calipered  carefully  at  every  inch 
of  its  length  to  see  if  the  play  between  it  and  the  oairing  did  not  ex- 
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cced  that  allowed.  It  was  then  inserted  iu  the  casiug,  which  had  pre- 
Tioady  been  placed  on  a  carriage,  miuBsle  inclining  downwards.  The 

ahonMers  of  the  bore  were  covered  with  red  lead,  so  that  it  could  be 
aeeu  if  contact  between  the  forward  shouhlers  of  the  tube  and  casing 
was  obtained,  and  at  the  Kame  time  if  the  clearance  between  the  others 
was  preserved,  the  amount  of  which  was  afterwards  measured.  As  a 
role  sevml  triato  were  required.  This  being  accomplished  satisfiu)- 
torily,  contact  between  tlie  end  of  the  muzzle  collar  and  shoulder  of 
neck  of  tube,  was  similarly  deteriTiined  (the  end  of  eollar  beinp:  smeared 
with  lead).  The  piece  wiks  then  transferred  to  the  lathe  and  fac<Mi,  after 
which  the  old  vents  were  closed  with  wrought-iron  |)lug8,  and  the  holes 
for  the  securing  pin,  and  for  the  copper  bttBhing  containing  the  new 
Tent,  drilled. 

The  piece  was  carefully  inspected  at  aUits  stages  and  when  finished 

was  marked  and  sent  to  Sandy  Hook. 

One  ffiin.  No.  112,  West  Point  Foundry,  was  spoiled  by  euunter- boring 
the  11.4>  inch  diameter  for  too  great  a  distance.  The  South  Bostou  Iron 
Works  offered  to  replace  this  gun  with  one  of  their  own,  which  was  of 
identical  dimensions  with  those  of  the  United  States.  Its  tenacity  and 
density  as  originally  determined  by  specimens  taken  from  the  sinkiiij;^ 
head  gave  32,204  pounds  and  7.231  resi)eetively.  This  was  accepted  by 
the  Chief  of  Ordnauce.  A  specimeu  takeu  from  t^e  breech  before  piero> 
ing  showed  a  tenacity  of  36,959  and  a  density  of  7.2863.  It  somAtimes 
hapiiens  that  the  first  thread  on  the  screw  of  jacket  is  exposed  by  the 
ratchet  on  the  breech  of  the  casing  orii^iiially  made  for  the  elevating 
bar.  To  avoid  this  it  wouUl  be  well  to  increase  the  length  of  the  short 
cylinder  in  rear  of  the  thread.  The  details  of  iusi>ection  showing  ])rin- 
cipal  dimensions,  both  prescribed  and  actual,  together  with  the  varia- 
tions therefirom,  will  be  Ibnnd  in  the  inspection  reports. 

In  Table  A  the  inspection  reports  have  been  consolidated  so  as  to 
show  the  prescribed  dimensions  and  variations,  to^jether  with  the  num- 
ber of  guns  in  which  the  last  was  actually  exceeded,  and  themaximnni, 
minimum,  and  meau  amount  of  such  excess.  i.e.,  the  difference  between 
the  actual  variation  and  that  prescribed.  An  effort  is  also  made  in  the 
column  of  remarks  to  show  where  the  variations  prescribed  might  be 
advantageously  changed. 
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Tablb  a— Ooiilia««d. 
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BKrairr  ox  the  manlfactuiie  and  iNSPEcrioy  of i^.TNvu  smooth- 

BOHK  UliONZE  LJFE  SA  VIXG  (i  VNS  AND  PROJECTILES  {L  YLE  MODEL, 
1»77)  AT  THE  WEST  FOIST  I'ors DRY,  COSTRAd  OF  DECEMBER  14,  1883: 

106  arys  asd  1,200  projecxilus  (service   umbers  of  evNs  from 

201  2  0  im,  ISCIVSIFE). 

BT  URUTBWAirr  KOaRKS  BIRMIBy  JB.»  OBDNAMCB  DBPABTMBBT. 

(5  platen) 

Offiob  of  ImsPEGTOB  OF  Obbnanoe,  U.  S.  a., 

West  Podtt  Foundry, 
Cold  Spring^  N,  T.,  Anifwt  20, 1884. 
The  Chibp  of  Obditance,  U.  S.  A., 

CtKNERAL:  I  have  the  hoTior  to  trniismir  liercwitli  a  rc]H>rt  of  the 
inauiifacture  and  inspection  ol'  2^-iucli  bronze  lile-«aving  guus  {Lyle 
model,  1877),  and  1,620  ca8^i^on  projectiles  for  the  same,  at  this  foundry 
daring  the  past  year.  One  hnndied  of  the  gnus,  with  1,200  projeotUee, 
were  made  for  the  Lili»-Sayiiig  Servioe  and  the  remainder  fotr  the  Beve- 
nne  Marine  Servicf-. 

The  rcporf,  hccoih]*;! t!  by  live  i>lato8,  includes  a  (l»vsc!  i|»t  idii  of  the 
methods  of  muuuiacture  and  inspection,  with  accessories,  iiiciuding  in- 
striimenU :  the  reealts  of  mechsnioal  tests  of  the  metal ;  the  nsnal  firing 
proof;  and  the  extreme  proof  of  one  gan  selected  from  the  35  laat  made. 
It  also  includes  the  results  of  the  chfinical  analysis  of  ten  samples  by 
Ca])!.  Join?  l'itni;ut.  United  States  Ordnance,  fr<»ni  (!iflerent  castings, 
and  the  me.ehunK  il  tests  (Appendix)  of  ten  specinu  n^,  tlie  same  metal 
at}  the  samples,  uuule  upon  the  testing- machine  at  W  atertown  Ai-senal, 
which  are  oonsidered  espeoially  instmotlve  and  important 

The  oonclasion  reached  is  that  9  per  cent,  of  tin  is  the  best  proportion 
for  nse  under  the  method  of  manufacture  at  present  pursued  for  these 
v'nu<.  Attention  is  invited  U)  a  fhanire  pro|)os<Ml  f  pair»«  401 )  in  the  method 
ul  pioof  tiring  which,  it  is  bilimetl,  will  put  tiie  Ikhc  of  the  guns  in 
condition  to  be  not  materially  enlarged  by  pressures  w  hieh  may  be  antici- 
pated in  seryice. 

Yeiy  respectfiiUy^  yoar  obedient  servant, 

li.  BIRNIB,  Jr., 
Lieutenant  qf  Ordnanee. 

Uiyi  OED  ^24 

I 

i 
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REPOKT  ON  THE  MANUFACTrKE  AND  INSPKCTION  OF  2i-INCH  S>rOOTH- 
BORE  BRONZE  LIFE-SAVIXn  RUNS  AND  IM^OJECTILKS;  (LYLK  MOPKL. 
1877)  AT  THE  WEST  POINT  FOUNDRY,  CONTRACT  OF  DEUKMBER  14, 
1883;  100  GUNS  AND  1,'iOO  PROJECTILES  (SERVICE  NUMBERS  OF  GUNS 
FROM  SOI  TO  300,  INCLUSIVE). 

¥\\'('  vt'urs  since,  200  ^mis  and  a  number  of  projectiles  of  siratlar  pat- 
tern weie  iiiaUe  at  this  tuundiy  for  the  Life  Saving  Service.  A  rejM>rt 
upon  the  manufacture  of  the  guns  was  made  by  Lieut.  C.  W.  VV hippie, 
Oidnanee  Department,  who  was  then  the  feeident  inspector,  anil  has 
been  published  in  the  Report  of  the  Chief  of  Ordnance  for  1879  (see 
als<»  Ordnance  Notes,  No.  102).  That  report  will  ])r  louiid  <'sp»M'ially 
valuable,  since  it  treats  of  the  8tei)8  taken  to  inaa«4arate  the  manufact- 
ure of  these  gunt»  for  the  service,  aud  as  well  for  its  detailed  treatment 
of  the  snbjeot.  The  object  of  the  present  writing  will  be  to  leeotint  the 
cnrrent  methods  of  manufacture  and  inspectton,  based  upon  the  expe- 
rience already  gained,  and  to  record  such  obs^rations  incident  thereto 
as  are  deemed  useful. 

THE  auiis. 

The  guns  are  made  ot  chill  cast  bronze,  containing  approximately  9 
per  cent,  of  Banca  tin  and  91  iier  cent,  of  Lake  Superior  copper.  Figs. 
1-4|  Plate  I,  give  a  drawing  of  the  model,  the  principal  parts  and  arer* 
age  dimensions  of  which  are  as  follows: 

Diameter  of  Urat  reinforce  -  inobes..  5w5 

DtMtteter  of  obMie  do. . .  4.^ 

Dtam«  tr>r  of  bore  ..............do...  2Ji 

Diameter  of  trnnnions  do...  8.0 

DiMiieter  of  ritnbius*  ....do...  9j6 

Diameter  of  caacabel  do.. .  1.6 

Diameter  of  vent  ...do...  0.S 

RadiiiH  of  l)rc(>oh  .....dO...  S.1S 

Ra<liuH  of  ihaiiiber  do..  1.^ 

Length  of  lirat  reinforce  .do...  U.l 

I^gth  of  second reinft>roe  do...  1.40 

Length  of  chase  «  ..••••••...do...  9.5 

Leni^th  of  bore,  exolmlTO of  ohftmbcr  do...  18.75 

Ti»tiil  l.ngth  of  bore  ...do...  iO.OO 

Length  of  tanuinioiis  do. . .  8.00 

Length' of  rimbawo  do.. .  O.tO 

Lenj^tl)  of  c;»>»Ciibol  dO...  1.5 

Dytauce  of  vent  from  bottoui  of  bore  .....do...  IJ^ 

Dlstaoee  between  rlmbaMft  do. . .  6.70 

Total  !r<ngth  of  piece  do . .  .  24.25 

Weight  of  piece  (average  of  IQO)  ,  pounda..  114.33 

Prej^dmaaoe  st  0.6  inch  in  rear  of  oorvo  of  braeoh  (aTerago  of  100$. . .do. . .  SUSS 

The  several  8tn<ji;es  of  the  manofoctare  and  inspection  of  the  fana 

may  be  tlivided  as  follows  : 

1.  The  metals  used  for  the  castiuga. 

2.  Preparations  for  casting,  to  incTade  the  lomace  and  its  aooefisories, 
and  the  molds. 

3.  The  casting. 

i.  Tests  of  the  metal  of  the  sinking-head. 
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5.  The  firing  proof,  inolndiug  the  preparation  of  the  gun  for  this 

proof. 

6.  Final  fiuish  and  in8i>ectiou. 

And  in  general,  in  tbf  routjli  casting  or  during  the  fin ishin^' pro- 
cesses, serioiiH  flaws  or  bluw-holes  may  be  found  siiffleient  to  cause  the 
rejection  of  the  piece,  whatever  may  have  been  the  let^ultci  of  the  i^st» 
of  the  proof-bar. 

The  metals.^The  ingot  metals  used  for  casting  these  guns  were 
Lake  Superior  copper,  from  the  Quincy  Mining  Company,  and  Banea  tin, 
both  of  which  are  h«^id  lu  defiervedly^  high  repute,  and  are  considt  red 
to  be  scarcely  excelled  in  the  market.^  The  first  casting  was  ma<le  from 
iugot  metiUs  alone.  Subsequently  the  ^'sinking  heads,^  which  cousU- 
tated  aboat  42  per  oent.  of  the  w^gbt  of  each  easting,*  and  also  the 
turnings,  borings^  and  planings  firom  the  flnishing  shop,  were  used  at 
part  of  the  charpje. 

Preparations  for  casting. — A  sketcii  i»t  the  furnace  is  sliown,  Fig.  3, 
i*late  II.  It  is  an  ordinary  brass-molders'  furnace  of  au  old  patu^rn, 
md  consists  of  a  24  inch  cylinder  of  boiler-iron  lined  vith  fire  brick, 
resting  opon  cross-bars  arranged  at  the  back  of  the  ash-pit,  next  to  the 
stack.  The  top  is  covered  with  an  iron  plate  provided  with  an  opening 
h-^  ing  a  movable  cover  ff>r  the  passage  of  the  crucible.  The  ash  pit 
aud  drnft  art*  below  th«'  It  indry  floor,  and  the  furnace  is  not  provided 
witli  a  damper.  Two  cylinders,  each  holding  one  crucible,  are  arranged 
aide  by  side,  and  connected  over  the  same  ash  pit,  bat  eaoh  cylinder  haa 
a  separate  fine.  The  two  cmoibles,  having  a  capacity  of  about  156 
pounds  each,  were  used  together  for  the  casting  of  one  gun.  Two  guns 
w<  I  r  generally  oast  aboat  the  same  timOy  nsing  a  second  fornace  of  sim- 
ilar di'sjcrn. 

The  moid,  Figs.  2  and  3,  Plate  II,  cousist^  of  the  ca^t-iron  *^ chill," 
the  sand-head,  and  the  ranner-boz.  The  cast-iron  chill  is  made  in  two 
equal  parts,  divided  longitadinally;  the  abnltingfiMes  of  these  parts  are 

finished  and  fitted.  The  flanges  are  bored  for  .six  Rtrong  bolts  on  each 
side,  and  four  smaller  holes  for  irniding-piius  in  the  assemblafre.  The 
whole  base  of  the  cliill  is  also  huibhed,  aud  when  in  use  re.st^s  upon  a 
leveled  plate  set  at  tlie  bottom  of  a  pit  about  30  inches  deep,  in  order  to 
le^el  the  mold  and  bring  the  top  of  it  to  a  convenient  height  above  the 
foundry  floor  for  pouring.  The  weight  of  the  chill  (1,440  pounds)  makes 
it  nearly  4.7  times  that  of  the  casting,  including  the  sinking:  h(\i{i  (304 
jionnds),  and  more  than  8  times  that  of  the  gun  proper  iii  the  rough 
(i7b  pounds).  The  cavity  iii  the  chill  conforms  in  general  to  the  exte- 
rior of  the  finished  gun ;  allowing  for  the  contraction,  it  leaves  the  cast- 
ing about  0.26  inch  snrplns  over  all  aides.  The  tmnnion  spaces  are 
beveled  on  the  upper  sides  to  fhdlitate  thc^  es(^ape  of  imparities,  which 
would  naturally  collect  tlu^re,  and  also  to  leave  a  !ar<?pr  surplus  of 
metal  to  be  removed  trom  those  ])arts,  as  has  been  found  by  experience 
to  be  necessary .t   The  chase  portion  of  the  chill  is  slightly  contracted 


*  After  b^ng  oat  ftom  the  suos,  the  heads  were  taken  to  the  for^c  moderately  heated 
and  broken  in  pieces  nntler  tii(^  hammer.  The  parts  wore  used  indtMcriminatt^Iy  for 
subaeqaent  castings,  l)at  care  wa»  takt^n  to  throw  out  the  scoria  or  very  poroud  metal, 
which  in  miuk'  cosiings  was  fonnd  about  the  top  of  the  head. 

t  In  casting  iurger  calibers  of  bronze  gnns  in  Russia,  Colonel  Lavrov  has  arranged 
his  trunnion  spaces  with  very  long  bevels,  both  above  aud  below,  bnt  especially  below, 
since  it  was  fouiKl  that  bluw-hmes  imtc  foi  rncd  in  ttif  casting  ju^t  helow  the  trun- 
nions m  cast  (hia  guns  are  caat  breeeh  up),  and  thia  wa«  suppoMd  to  be  due  to  th«t 
«poa  the  •oUalftMiioD  and  fint  aontraietioii  of  the  cMking  toe  traniiloiii  wera  eaUad 
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towards  the  top.*  The  cavity  in  the  chill  exteuds  aboot  10*5 inohcs  above 
the  Timzzlo  of  tlip  ;;un  ])rop(»r  and  forms  tlie  lower  portion  of  the  sink- 
ing head,  which  is  ('<>iii])lctt'(I  by  thp  sand  bi*;!<l,  10  inclii-s  high  above. 
The  saud  head  is  molded  in  a  cast-irou  Hask  ol  simple  pattern.  The 
mold  is  not  dried,  and  is  renewed  for  each  casting.  The  ranner-boZf  of 
oblonif  shape,  is  made  of  sheet  iron  ;  it  is  partly  till<Ml  and  rounded  on 
the  interior  with  a  packing  of  clay,  which  is  coated  with  black-lead  wash, 
and  may  be  used  for  a  large  unmber  of  ciusfincrs  by  repairing  the  sur- 
face and  renewing  the  wa^h.  The  metal  enters  through  a  small  orifice 
in  the  middle  of  the  box  directlj  over  the  center  of  the  mold. 

The  advantages  of  this  over  the  old  method  of  casting  in  sai^-moldB 
have  been  repeatedly  shown.  The  costings  are  much  freer  from  blow- 
holes, tlio  Tiietnl  is  denst  r.  more  uniform,  and  superior  in  elastic  prop- 
erties and  slreii^^tli.  The  metal  witliin  the  eliil!  solidities  very  quickly, 
leaving  that  withiu  the  sand-head  iu  a  molten  slato  ;  the  sand-head  thus 
perfojirms  two  important  fanotions,  (1)  as  a  "  feeder'^  to  supply  the  oon* 
traction  of  the  castini;  as  the  lower  portion  solidifies,  and  (2)  as  a  weight 
whieli  sn])]dieii  the  pressure  necessary  to  y>rodn('e  a  sonnd  easting  of 
good  quality.  The  pnrely  meehaiiicnl  advanta;4es  of  the  <'hil! mold  con- 
sist in  the  facilities  atlbrded  for  making  any  number  oi  castings  of  a 
given  form,  and  that  withoat  renewing  the  moM  for  each  castmg,  as 
when  using  sand ;  the  sand-head,  of  simple  form  and  easily  made,  is  the 
only  portion  of  wold  recoiling  renewal. 

OASTINO  THB  GUNS. 

This  most  important  part  of  the  manufacture  needs  to  be  eoritJnrrf.' 
with  every  possible  care  in  all  its  details,  it  requires  a  caretul  uud 
experienced  workmau,  whosliould  be  pronipttotake  advantage  of  eved:y 
m>portanity  for  improvement  bj  noting  the  ontoome  of  castings  in  which, 
euaier  by  aoddent  or  design,  slight  changes  in  the  details  of  treatment 
may  have  been  introduced. 

The  operations  nnder  this  head  embrace — 

1.  The  charge. — The  average  weight  of  uieial  used  per  casting  was  307 
pounds,  nearly.  For  the  first  casting,  where  ingot  metals  only  were 
used,  the  charge  was  pounds  <d  «'opper  and  28  pounds  of  tin,  or 
9.05  per  cent,  of  the  latter  metal.  Kach  metal  was  divi<led  into  two  aw 
nearly  equal  parts  as  iK)ssible  for  the  charges  of  the  separate  crucibles. 

npon  to  Mupport  the  wei^bt  of  th«  CMtiug,  mo  tbe  metal  jn«t  lieneetli  them  "gave** 

to  ;i  rtMtaiii  t  xtiMit  uikI  Ix-canio  T^l^■  imk'.  By  hi.«*  arraufremoiiT  of  ticvi-l.s  tbt-  wliole 
caatiue  luay  8iuk  at  once  as  itcuntrui  tH  (neo  Lienti'^D»nt  W  bippKvi>  ruport  above  cited; 
■too,  Notes  oil  Construetloti  of  Ordnauce,  No.  21).  In  the  present  inttftiiee  only  MM 
casting  of  tlip  101  m:idr  was  fonud  to  be  f^oriously  affected  iu  this  way.  It  appears 
probable  that  thin  would  uol  have  occunt'il  if  the  trunnion  spaces  had  been  beveled 
after  the  nuumcr  of  the  Rnsnian  chills. 

•  The  reason  for  this  constnirtion  is  not  plaiu,  an<l  in  the  preaeuce  of  the  generally 
excellent  resnltH  obtained  criticisui  is  perhaps  uuuecesNary.  But  Colonel  La vrov'a 
experience  has  shown  that  it  is  inadvisable  io  have  a  contracted  M  i  ti  >ii  of  the  molii 
situated  in  thiH  way,  since  it  will  solidify  tirst  and  vitiate  one  of  the  principal  good 
eflFects  of  the  snnd-head,  viz,  the  "feeding."  It  is  probable  that  the  slightness  of  the 
contraction  in  th«'  ))rf.s4'iit  case  prevented  iniuh  ill  etft-i-t,  yi-t  sf  \<'r!il  of  the  caetiogn 
did  not  sink  at  all  at  the  upper  surface  ou  cooling.  Agaio,  howeveXj  the  slope  given 
to  th(^  chase  in  fhis  way  may  fteilitate  ita  ahtinkifla  aail  wo»  tmprOTe  the  qnahty  of 
the  metal  that  part  of  the  gan,  even  witboat  the  aadatanee  of  the  ainktaf  haaJ 
above. 
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In  all  the  sabrnqoeiit  eiMtingB  the  charge,  which  wm  made  up  fUMrtly  of 

beads,  turninfrs,  &c.,  wan  arranged  to  have  approximately  a  like  per- 
centajre  of  tin,  and  was  divided  iu  the  same  way.  Tlx*  (tliarges  for  all 
the  ci^tiugs  are  given  in  the  general  table  which  follows,  but  the  per- 
oeotages  of  tin  can  only  be  regarded  as  approximate,  since  there  was  DO 
meftne  for  determiniog  the  ezaet  percentage  of  tin  oontained  in  the 
heads,  &c.  The  estimate  given  in  the  table  is  based  upon  9  per  cent., 
or  very  TH«nr!y  that  snppo'^fMl  to  be  contained  in  the  original  charjje  * 

2.  titaiitu)  the  chill. — Foi  the  first  casting  of  the  day  the  chill  was 
placeil,  witli  a  lid  on  top  to  close  the  inUidor,  apon  a  truck,  and  run  into 
an  oren  heated  by  a  wood  ftrcL  where  it  was  nsnatly  left  about  one  honr 
and  fifteen  minntes.  It  was  tnen  taken  out  and  arranged  in  the  casting 
pit.  Its  ordinary  temperaturn  was  probably  about  250^.  Usually  two 
castings  daily  were  ma<le  in  one  cliiil,  the  second  from  two  to  three  hours 
after  the  first.  The  chill  was  not  reheated  in  the  oven,  but  on  the  re- 
moval of  the  first  easting  was  replaced  in  the  pit  with  the  saod-heail  in 

{>hioe  and  the  top  oorered.  Its  tempttatnre  then  beeame  sonewliat 
ower  than  for  the  first  casting,  but  as  a  rule  waf»  moro  uniform. 

3.  Melting. — After  the  tires  were  well  started  the  crucibles  containing 
the  charge  of  copi>€r  (or  copper  and  bronze)  were  placed  iu  the  turuace.f 
When  the  copper  began  to  melt,  showing  a  snHhoe  of  liquid  metal,  char* 
coal  was  thrown  into  the  erncible  to  cover  the  surfae^  for  the  purpose 
of  retaining?  the  heat  and  retardinp:  oxidation.    The  average  time  of 
"melting  copper"  was  one  hnnrand  forty-tive  minutes,  dependin^^  upon 
the  fire  and  the  manipulation  of  the  furnace.   For  the.  morning  casting 
the  lid  of  the  furnace  was  usually  kept  dosed,  but  for  the  afternoon 
easting  it  was  frequently  left  partly  open  fbr  some  time  after  the  erud* 
ble  wan  introduced,  to  suit  the  convenience  of  the  work,  but  always 
closed  to  make  the  heat  as  great  as  possible  for  the  aetna!  meltin;^  of 
the  copper.    A  second  supply  of'charcoal  w^as  thrown  upon  the  >surt'ace 
of  the  metal  as  soon  as  the  contents  were  melted.    With  8ome  of  the 
castings  an  interval  of  time  was  allowed  at  this  point  before  adding 
the  tin,  during  which  period  the  top  of  the  furnace  was  usually  left 
open.   In  adding  the  tin  tin  bi  nkcn  ingots  were  placed  in  the  emeibles, 
a  third  supply  of  charcoal  tiien  thrown  npon  the  surface,  and  the  con- 
tents well  stirred  with  an  iron  rod.   The  interval  between  this  and 
withdrawing  the  cracibles  was  also  very  unequal,  but  if  left  in  the  fur- 
nace the  top  of  the  latter  was  wholly  or  partly  removed,  to  gradually 
cool  the  contents.    When  taken  from  the  furnace  the  eontents  of  the 
crucibles  were  well  stirred  and  then  carefully  ^kinnncd  for  pouring. 
Then,  with  a  number  of  the  castings,  a  quautiiy  ut  piauings — some- 
times as  mueh  as  8  ponnds— were  put  into  one  or  both  (usually  only 
one)  of  the  emeibles,  with  intent  to  correct  what  appeared  to  be  unusual 
flaidit3'  or  overheat  of  the  metal. 

*Aathorltiet  are  wanting  to  Kupply  thm  knowleds*)  for  cbill  ciistings.  8iicU  analy- 
ses as  h«ve  been  mado  are,  so  far  us  known,  very  Hinit(  1.  hnt  go  t«  show  that  the 
segregation  of  tin  towards  the  hca  I  is  very  slight,  it  uuy.  The  rapidity  of  solidifica- 
tion in  the  chili  makes  thi»  rcntionable  (see  jiugr  397).  And,  on  the  other  hand,  we 
liave alw»;a a  disproportionate  lom  of  tin  irom  oxidation;  for,  ^'althongh  two  or 
threa  pnrts  of  cop pt»r  are  lout  in  thia  way  to  one  of  tin,  yet  the  latter  is  present  in  no 
mncli  smallfT  (|u;iiitity  that  eontimicd  n  nicll in^^s  of  tiif  saiiic  allo\  will  show  an  iii- 
orease  in  the  percentage  of  copper  and  a  couataut  decreoao  iu  the  percentage  of  tin 
remaining."  (Encyclopiedia  or  Chemistry,  J.  B.  L.  ACo.,  Phila.  1877, Vol.  I,  page  583.) 

tWhen  turnings,  planin^^s,  s<mi«'tiiii<'s  siiffirieiit  of  themselves  io  till  (In) 

omciblo,  wore  uaed  they  w<;re  put  io  first,  covered  with  a  layer  of  charcoal  and  melted 
down  before  the  {otrodnotion  of  the  Jngot  copper  and  brooM. 
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4.  Pouring  —The  two  ernetbles  were  poared  together  from  opposite 

sides  of  tlie  runner  hox.  No  arranjrement  was  made  for  skirninin*r  in 
this  ujx'ration,  but  c'av('  was  tak»Mi  to  keep  the  box  well  li lied,  8u  t lint 
the  drotitj,  il  auy,  would  tloat  ou  the  surfiace  and  enter  the  mold  last  of 
all.  Wbf*]!  one  enieible  was  hotter  than  the  other  ite  eonteDta  wave 
held  back  to  supply*  the  siukiDg-head.  After  the  pouring,  cbarooal  waa 
at  once  thrown  upon  tlie  top  and  thedoorsof  the  foondiy  Opened  on 
both  8ide8  to  ansist  the  cooling. 

Ak  a  rule,  the  best  castings  were  those  which  shrunk  the  most  and 
very  rapidly.  The  shrinkage  of  the  head  was  sometliiies  almost  imme- 
diate ;  in  other  cases  there  was  no  shrinkage^  whieh  invariably  marked 
a  casting  below  the  average  or  ono  snbsoqncntly  condemned.  The 
metal  Holidifli'd  in  •<  few  minutes,  and  the  casting  could  be  removed  from 
the  chill  witbiu  twenty  minutes  after  the  pouring. 

Both  of  the  chills  used  became  covered  wil^  eracks  on  the  interior, 
especially  about  the  tmnnions  and  the  breech,  alter  a  law  castings  had 
been  made ;  in  each  one  the  crack  through  the  trunnion  cavities  soon 
extended  tfn-ongh  the  walls  of  th«  ebills.  Ea<'h  day,  after  castinjr,  the 
interior  oi  ihe  eiiill  wan  caretully  repaired  by  hamuierin^^  the  craeks 
shut  and  coating  the  whole  sui'fiice  with  a  wash  of  black  lead.  The 
same  two  chills  were  need  thronghoat,  withont  any  apparent  deterioia- 
tion  of  the  castings  due  to  the  cracks. 

A  nnmber  of  tlie  ciistings  were  weighed  in  the  rough  aiid  ;:ravc  an 
avera^a*  loss  of  li.a  pounds  from  the  weight  of  charge,  or^iu  other  words, 
a  loH.<s  oi  weight  equal  to  about  0.8  of  1  per  cent. 

TESTS  OF  THE  METAL. 

A  si>eoimen  bar  of  the  prescribed  dimensions,  taken  t¥om  the  lower 
portion  of  the  sinking-head  (see  Figs.  1  and  2,  Plate  III),  should  give  a 
tenacity  of  not  less  than  36,0oo  pounds  i>er  square  inch.  The  head  ia 
separated  at  the  mnzzle  of  the  gun  and  the  speeinien  piere  taken  ont 
from  the  base  close  to  the  uuter  surface,  either  with  a  hollow  boring  tool 
or  bjr  catting  olf  the  lower  portion  of  the  head  and  slotting  oat  the 
specimen  piece;  the  first  method  requires  the  least  ex])enditure  of  labor* 
When  tiiiishtMl,  as  shown  in  Fig  li,  Plate  III,  the  l)ar  is  weighed  for  dens- 
ity and  then  tested  for  tenacity  and  ultimate  exteusit)n. 

In  these  tests  the  least  stress  of  the  machine,  5,0U0  pounds,  is  first 
applied,  and  increased  stresses  (increasing  by  100  ponnds  of  added 
weights)  are  afterwards  continuously  applied  until  the  bar  breaks. 
The  distant'i'  between  gauge  marks  is  Ttieasnred  before  and  after  the 
test,  to  determine  the  elon^jation  after  fracture;  two  diameters  at  right 
angles  are  similarly  measiirc<i  to  compute  the  reductiou  of  area.  The 
behavior  of  the  spedmen  under  test  will  be  referred  to  Ibllowing  the 
general  table  of  resnlts. 

THE  FIBIKO  PBOOV,  ARD  PBBPABATI0N8  THSBBFOB. 

The  cxteiior  <»f  the  gun  is  rough-liuished  all  over,  leaving  a  .surplus 
of  0.04  ol  au  inch  on  the  diameter^  except  for  the  iruunious^  which  are 
completely  finished.  The  bore  is  pierced  by  a  twist  drill  having  a  dlam> 
eter  of  about  2.25  inches,  and  is  finished  for  the  proof  by  reaming  out 
to  a  diameter  of  2.45  inches  and  shaping  the  bottom  to  a  half  sphere  of 
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the  same  diameter.  The  vent  is  made  by  drilliug  a  hole  0.2  ioeh  in 
diameter  through  the  wall  of  the  piece  in  the  portion  afterwards  reamed 

ont  for  the  vent  piece. 

The  carriage  used  iu  the  proof  of  these  guns  weighed  96  poun<ls.  It 
oonsisted  of  two  solid  cheeks  made  of  heavy  oak  plank,  held  together 
by  several  cross-bolt^  and  two  transoms,  one  nnder  the  breech  of  the 
piere  and  ono  under  tlie  mnzzle  ;  wooden  wedges  were  placed  on  these 
and  sujiporteil  the  extremities  of  the  pieee  wlieu  tired.  An  iron  strap 
fastened  oXoug  the  top  of  each  cheek  eoutained  the  truuuioii  bed^ 
which  were  set  at  a  distance  apart  closely  approximating  that  between 
the  rimbases  of  the  gan.  Gap  squares  fhstened  by  holts  were  also  pn>' 
Tided,  but  the  iron  work  was  siuijjly  rough  forged.  In  order  to  pro- 
te(;t  tlie  fiTt  slicd  trunnions  in  the  tiring,  a  closely  fitting  nteel  sleeve 
about  O.o  inch  iu  thickiiejis  was  placed  on  each  before  mountiug  the 
piece. 

The  proof  projectile  is  a  solid  blinder  of  cast-iron  weighing  aboot  18 
pouuds,  and  turned  to  fit  the  bore  closely. 

Ea^di  gun  was  provd  ny  firing  three  rounds  with  a  eharge  of  S  ounces 
of  Hazard  na\\v  cannon  powder  and  ou«  of  the  above  pi ojeclile?*.  The 
projectiles  were  fired  into  a  sand  butt,  recovered,  aud  u^ed  for  firing 
several  ronnds.  Fifty  nine  projectiles  were  used  np  or  lost  in  firing  306 
rounds.  The  carriage  was  allowed  a  free  recoil,  and  with  the  gun  went 
sliiliiig  and  tumbling  nsoally  aboot  30  feet  to  the  rear  np  a  slight  in- 
e.line. 

Alter  the  proof  the  trunniouH  were  cai-efnlly  examined  for  dinplace- 
ment  and  the  bore  gauged  with  one  of  the  proof  proJoetUes.  None 
of  the  gnns  showed  any  marked  failing,  and  as  that  fact  was  developed 

aff(  r  a  number  of  the  guns  had  been  tired,  it  was  decidt'd  to  dispeose 
with  tbe  extreioe  proof  of  one  gun,  which  wa^  at  hrst  contemplated. 

PINAL  FINISH  AND  INSPBOTIOlf.  « 

i 

The  t«^i*ential  implements  for  gauging  the  eorreet  tininh  of  fh*  ^^un, 
except  calipers  for  exterior  diameters,  are  shown  iu  Plate  III,  i  ig.s.  3  to 
9|  inclusive.  They  are — 

1.  Profile  templet  for  exterior  kngth  (Fig.  3),  whieh  may  he  made* 
icood. — It  is  aecurately  constructed  to  dt-  pving,  and  when  laid  on  the 
grin  shows  the  corre(;tioiiB  of  the  diftereut  parts  of  the  length  from  the 
cascabel  to  the  muzzle. 

2.  OamMned  ehaee  and  breeeh  templet  (Fig.  4).  made  of  inetal — ^This  is 
constructed  to  abut  against  the  finished  trannion.  On  one  side  it  gives 
the  length  of  the  ehase,  the  two  slopes  of  the  second  reinforce  to  the 
rinil>!iso,  Mud  the  width  of  the  latter.  The  other  side  gives  similarly  the 
prolilo  of  the  breech  portion  of  the  gun,  to  include  the  width  of  the  rim- 
base  in  rear  of  the  tmnnion. 

3.  Oraee-tnmnion  gauge  (Fig.  5),  of  metal, — I^etermines  the  length  of 
the  trunnions,  the  distance  between  the  rimbases,  and  of  the  cross  pro> 
fije  of  the  body  of  tbv  gun. 

4.  Gauge  for  position  of  venty  bottom  and  length  of  bore  (Fig.  7). — A 
thin  plate  of  metal  is  rounded  at  the  end  with  a  bevele<l  edge  to  lit  the 
bottom  of  the  bore  in  a  plane  parsing  throngh  its  axis.  The  half  circle 
is  incomplete  at  the  sides,  in  order  to  pass  freely  through  the  bore.  A 
chamfered  hole  is  made  at  the  center  of  the  head,  to  come  beneath  the 
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▼eot  and  leoeive  the  point  of  the  vent  gaage,  if  the  vent  be  trae,  when 

tlie  latter  is  introduced.  The  remainder  of  the  metal  piece  is  reduced 
in  width  and  pxtpiids  back  to  the  face  of  the  muzzle,  inibeddetl  in  a  strip 
of  wood,  which  hitter  in  itself  supported  by  a  couple  of  rounded  studs 
arniDged  to  center  the  gauge.  The  correct  muzzle  line  is  scored  upon 
an  offaet  of  the  metal.  The  strip  of  wood  ia  also  made  to  fit  the  bore 
aocnrately  for  3  inches  from  the  mmssle,  in  order  to  center  (lie  imple- 
ment laterally. 

5.  Trunnion  gau<ics  (Fig.  0). — The  luiniiimm  grauge  has  an  interior 
diameter  of  2.0  inch,  and  should  not  pa^ss  over  the  trunnions ;  the  max- 
imnm  gauge  is  0.08  of  an  inch  larger,  and  shontd  pass  freely. 

G.  V<m.t  gauge  (Fig.  8). — ^Made  to  pass  closely  through  the  Tent,  which 
should  be  0.2  iiieli  in  diameter. 

7.  Cylinder  (jaiKje  for  hore  (Fig.  9). —  A  carefully  tiuished  steel  cylinder. 
2.5  inches  in  diameter  and  5  inches  long,  which  should  pass  air-tight  to 
the  bottom  of  the  cylindrical  portion  of  the  bore.  This  also  serves  to 
test  the  Btraightness  of  the  bore. 

The  trunnions  are  finished  and  gauged  before  any  other  part  of  the 
giiii ;  the  combined  chane  and  breech  gauffe,  in  the  bands  of  the  work- 
man, with  eali])ers,  serves  to  finish  the  parts  that  can  be  lurned  :  \hi' 
circular  portious  between  theriiu bases  are  liuishcd  iu  a  shapiug-machiue 
and  the  carves  of  the  rimbases  hj  hand,  to  conform  to  the  profile  given 
by  the  oross-tnmnion  gange.  The  bore  is  finished  after  the  machine 
work  on  the  exterior.  N"o  variation  from  an  air-tight  tit  for  tlie  cylinder 
gauge  is  allowed ;  the  borine:  must  consequently  be  done  with  great 
care,  and  it  frequently  occurs  liiat  although  the  gauge  may  enter  when 
the  bore  is  warm  from  the  boring,  yet  it  will  not  enter  whetl  the  latter 
is  ooldy  so  that  the  gun  has  to  be  returned  to  the  lathe. 

The  vent  piece,  the  details  of  whi(;h  are  shown  in  Fig.  5,  Plate  I,  is 
assembled  last  of  all.  It  is  made  of  wrought  copper,  the  proper  kize  in 
the  rough  being  a  bar  of  1  inch  diameter.  From  this  the  veut  piece 
is  rongh-shaped  in  the  smith-shop  by  heating  the  end  of  the  bar  to  a 
low  red-heat.  Thelbrged  piece  is  first  drilled  for  the  vent,  as  it  is  very 
difficult  to  prevent  n  deviation  of  the  drill.  The  exterior  finish  is  then 
given  to  the\  ent  piece  about  thr  vent  as  a  center. 

Marks  are  placed  ui)on  the  muzzle,  right  trunnion,  and  right  rimbase 
of  the  gan,  as  shown  in  Figs.  2  and  4,  Plate  I.  Those  upon  muszle  are: 
The  United  States  Register  number  of  the  piece, above ;  the  place  of  fab- 
rication, at  tin'  left ;  the  year,  at  the  right  j  and  the  inspector's  initials 
below.  The  louudry  number  of  the  piece  is  placed  n])on  the  n^ht  rim- 
base, and  the  letters  U.  S.  L.  S.  S.  upou  the  end  of  the  right  truuuioo. 
As  this  foundry  has  made  all  the  guns  of  this  model  now  in  service,  the 
two  nnmbers  correspond.  The  unmbers  of  the  guns  sapplied  ander 
this  contract  range  from  201  to  300,  inclusive. 

BUIUflXa  ON  NEW  TRUNNIONS. 

Two  castings  otherwise  good  were  fonnd  to  have  defective  trunnions. 
The  method  given  in  Lieut  C.  W.  Whipide's  report  was  followed  to  re- 
place them  by  new  ones.  With  <nie  of  the  pieces  tbis  wa^  entirely  suc- 
cessful ;  with  the  other,  oue  of  the  ih'vv  trunnions  was  iomid  to  l)e  <le- 
fective,  aud  a  second  attempt  was  ma<le  to  burn  one  on,  in  which  the 
casting  was  rendered  useless.  The  pouriug  of  the  hot  metal  fased  not 
only  the  part  about  the  janction  of  the  trunnion  with  the  gun,  l>ut  passed 
entirely  through  the  wall  of  the  piece  to  the  bore,  which  it  partly  filled, 
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and  held  therein  an  iron  rod  which  had  been  heated  and  lUiserted  to 
warm  the  metal.   The  pouring  was  coutiuued  too  long. 

0BNBBAX«  B1B8UI.T8. 

The  records  of  all  the  castinjjH,  the  resultH  of  mechanical  testvS  of  one 
specimen  from  the  siukiug  head  of  each,  tog^ether  with  the  numbers, 
weight,  and  lureech  preponderanoe  of  the  guns,  are  giyen  in  the  follow- 
Id^  table: 
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IlBiahed  gun. 


CMting. 


lJ>t. 

IA>». 

IA>». 

1 

207 

114.6 

3.25 

281.5 

2 

20'J 

115.0 

3.00 

226.0 

3 

22u 

\\\.  0 

8.  25 

226. 0 

4 

225 

111.  7r, 

3.  r.o 

•226.  0 

5 

227 

114. 7:> 

ut) 

22tJ.  0 

8 

204 

iir>,  5 

:i.  ;<7."> 

22G.  0 

7 

221 

lil.£> 

178,  0 

8 

240 

112. 75 

3.25 

210.0 

0 

215 

114.75 

3.125 

211.0 

10 

214 

ll&O 

3. 125 

177.0 

u 

308 

111.  75 

3.25 

219.0 

It 

98 

114.5 

8.879 

913.0 

18 

205 

115.  'J5 

2.  h"') 

219.  t, 

15 

211 

114.  0 

A.^ 

2m.  a 

10 

216 

113.  5 

3.375 

180.0 

17 

210 

114.75 

8.25 

204.0 

18 

200 

115.0 

3.375 

t»02.  0 

10 

238 

112.0 

3.  ll!:> 

210.  0 

80 

213 

115.0 

3. 125 

0 

■.'1 

i43 

115.0 

3. 125 

210.0 

22 

203 

113. 75 

3.25 

206.0 

M 

222 

114.5 

8.00 

210.  0 

M 

281 

114.5 

3. 28 

200.0 

1 1 5.  0 

3. 875 

208.  0 

s 

223 

115.25 

3.25 

200.0 

212 

112.0 

3. 00 

218.0 

18 

218 

114. 5 

8.125 

2310 

m 

204 

114. 75 

3.125 

224.0 

M 

M9 

lUk4 

liM 

m.0 

a 

201 

115.0 

3.25 

234.0 

n 

217 

114. 75 

a  125 

210.0 

n 

826 

115.25 

3.125 

224.0 

u 

337 

114. 75 

3.00 

206l0 

IS 

244 

113.6 

3.126 

200.0 

M 

238 

114.5 

3.25 

20((,  0 

r 

233 

115.5 

3.25 

2m.  0 

88 

•J34 

11. ^  5 

X  25 

200.  0 

t» 

TVl 

114.0 

3.  125 

210.  0 

40 

255 

115. 25 

8.  10 

210.0 

41 

219 

114.  h 

.'{.  .•<7.1 

IflO.  0 

41 

241 

11.')  ri 

2o 

19U.  0 

48 

235 

114  5 

:i.375 

160.0 

44 

224 

114.5 

3. 125 

160.0 

45 

296 

114.5 

3. 10 

160.0 

4« 

262 

115  5 

8.25 

l«0.  0 

47 

228 

114.0 

3.5 

ityi,  0 

48 

249 

mo 

3  ?5 

1G<  *  0 

49 

2M 

115.25 

160.  0 

M 

250 

114. 75 

3.  25 

liXLO 

<l 

343 

u&o 

1.26  , 

OOiO 

H 

0*2 

u  U 
■z  « 

H 


Ik*.  Ubt. 


a 


• 

tc 


0- 


65.0 
48.0 
60.0 
60.0 

(><).  0 

70.0 
35.0 
77.0 
111.0 
44.0 
4SlO 

65.5 
60.0 

60.0 
66.0 
67.5 

m.i 

54.5 
50.5 
54.5 
50.3 


12.0 


40.  0 
40.0 


26.0 
80.0 


IM. 

]  2K0 
I  21.75 

22.0 
I  22.5 
[  20.  B75 

20.  K7.') 
,  15.0 

20.5 
I  20.5 

16.5 

2il.25 

20.7 


 I  20.026 

23.  8    19. 5 


60.0 
19.0 
20.0 
80.0 
27,  ^ 
3(1  0 
28.5 
30.0 


70.0  ;  20.0 


58.0 
07.0 
S0.O 

4L0 
40.0 


24.0 
33.0 
SOlO 

20.0 
30.0 


MLO  !  13.0 


80.0 
4S.0 

60.0 


oao 


80.0 

70.0 

20.0 

60.0 

30.0 

70.0 

20.0 

70.  0 

20.  0 

35.  0 

40.  0 

U5.0 

40,0 

130.0 

100.0 

130.0 

130.0 

130.0 

180.0 

130.0 

130,0 

5.0 

130.0 

7.0 

130.0 

7.0 

130.0 

1.0 

17.0 
19.45 
10.3 
20.2 

mo 

20.  2 
10.75 


19.1 
20.0 

lasi 
soil 


P.eL 

9.05 

9.03 

8.9 

9.4 

a56 

H  56 

a.  22 

8.92 

8.89 

8.70 

8.88 

8.80 

&e8 

8.74 

8.76 

8.79 

&8 

a83 

8.83 

&83 
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8.83 

8.30 
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&84 
8  33 


e 

I 
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'  309.5 
I  312.75 
308.0 
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306.  875 
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SOS.  5 
30i^.  5 
304.5 
310.25 
308.7 


I 
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308.45 
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310.7 

310.0 
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308.75 
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300136 
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3L75     a  88  !  305.75 


S1.79 
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21.5 
19.5 
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a8 
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- —  — • 

e 

S 
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MS 
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8* 

B 

S 
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a 

s 

3 
a 
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• 
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M 

a 

•c 

ao 
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6 

O 
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18 

D 

8 

O 
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18 

K 

o 
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4 

o 
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I 

3 
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11 

3 
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8 

8 

2.0 
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4 

4 

10 

4 

% 

1.22 

8 

5 
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2.00 

2 

4 

1.0 

1.52 

s 

3 
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1.25 

3 

LO 

1  36 

15 

2 

1.75 

1.50 

7 

3 
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1.  Oil 

3 

Q 

a 

1  019 

O  1 R 

2 

4 

a.  ml 

5 

i 

1.  0 
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8 

7 
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a.  10 

0 

9 
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i.  VO 

5 

8 
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3 

* 
« 
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6 

0 
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I.  VI 

6 

4 

1.  6 

1.  no 

5 

0 
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*  ov 

8 

LO 
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• 

0 
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8 

8 
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8 

g 

9 
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4 

6 

1.6 

1.35 

3 

5 
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1.42 

8 

5 

1.5 

1.43 

8 
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1.5 
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4 

4 
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1.  30 

3 

ti 
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1.52 

7 

3 
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1.40 

12 

3 

1.25 

1.40 
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5 
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16 

6 

3.0 

1.30 

I 

e 
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1.56 

2 
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6 

» 
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5 
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U 
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Twt  of  speeimena  tMm  dak- 
iog  head. 


i? 


i 


I 


o 


£ 
S 

I 


o 

9 
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Craoible  No.  1,  hot;  No. 
2,  moderate. 


l808S|fiO.lU&nM 
8L88t7M,M4H>.48M| 
L  8918  49. 185,0.  MM 
BlB7«244, 3870.8081 
8. 8207  47, 58«  0. 4892 
&9IOt  50.  712k».8m 
8.38U^  3€.  989  0.1848: 
8.824  l4].7M!o.80n| 
a«IU  4::.  7880.41881 
.  8.  1, 185  0. 4881 

.  H.  r>10:i  41!.  l«H0.2C0.'> 
77u:j|14,  787  0.  J 

.  8. 8809|49,  786|o.  4615 
a  8860146. 887  018802, 


 8.7807  49.  18.-.0  3808 

 8. 8567  53.  584  0.  47ti» 

 '8.8008155.184  0.  Ml  5 

  8.  6571  45.  !W7  0.  3  J31 

 a8727  52.385,0.  r.om» 

 18.8751  54, 5841 0.M40 

     8.8199145,987  0.3846 

Moderately  cool  8. 7844  48.  786  0.  3977 


]|edenitaljh0l. 

•  •  •  •  •  •  do 


P.tL 

28.781 

88.44 

84.87 

88.88 

34.47 

33.89i 

19.72 

2S.68 

81.88 

4.^6fl' 

24.  91 

29.01 

33.65 
26i21 

28  66 
32.11: 
42.  14 

22  8:t 

1.". 

40.  32 
30.  45 
27.  92 


T3 

s 


at 

a 


lAf. 
71,388 
80,784 
78^288 
88,850 
72,  61+ 
76,480 
48,075 
56,137 
82,382 
94.  3931 

75,  038' 
81,506; 

68,  950 

!!'.,  Mi\ 
i>7,'> 

,-<;, 

«i,  4:>.'> 

Cfl,  12 J 
67,  684 


Crucible  No.  1,  oool;  No. 
S,niodenMaljr]Mfc 

•  (io 

Hai.  


8.  807   49,  ISf)  0,  4286  31.  91  72,  233 


8.84i:;i  48,986  0.  41.'>4 
8.  86".  1  52,  38:i  0.  5038 
8.  5888  38,  789  0.  2038 

18602  53.884,0.5882 
a  7762  48k  887  8l  8481 


a 8»1  82, 888  a 8848  48.80  81.886 


..do 


hot. 


.do 

.do. 


41.76 
45.  46 

18.  93 

40.90 
9a75 


a  77.'>6  46. 187  0. 3142  Sa03j 
a  7839  47. 506  0.8000 


a8884 


a887»55.584 


.do  |a 

ChnMlUoKo.  1,  cool :  No.  8. 
S,  modorately  hot 

Cool   a 

 do  a 

 do  a 

Very  tluld;  cool  a 

Cool  -  a 

Qaite  diiid;  oool  a 

 do   a 

Very  thin  :  oool.  ..  —  a 
Cravitde  No.  1.  cool ;  No.  a 
2,  tnodexately  hot. 


54,784 


0.5U5  44.88 


0.4291 


a  7047  40. 688  a  2588  27.71 
a  8888  40^887  a  4088  8101 

 88 

8888|88;9«4a8e80|  47.0 

8083  45,587  0.828  2a58t 


8S.28 


Bddttlli  No.  2,  lively. 


848988,884  ^  8885 
6846  42, 788  a  8082 

0012  4a  085  0.4588 

8852  52.  Sa-i  0.5077 
8486  .-iO,  7^10.  484G 
«60-.'  54.  J  O.  .W.i 
829<;  47,  .•>8i|0.  3769 
.5K4  .44.387  0.2615 
853'>|49, 686  0.4816; 


84, 110 
96,040 
47,  847 

91.337i 
68,4151 


8a  04 

87.77 

35.07 
34.06 

3.5.  78 
4.5.  33 
25.02 
21.95; 
8a88: 


8725j68.784|0. 61541  4184]  80^800 
8429154. 784  a  4654 


a8l|llbMB{A> 


3 


84. 172 

82, 110 
08.213 
83,265 

86,144 
87,837 

81,407 
102.850 
88,810 

70,725 
68,700 
75.445 
70.444 

79.080 
99,  8.55 
63,  465 
56.870 
80,836 


2a  321  7^850 
ML  out 


laipot  moM*  alone  nied. 
Slow  flro  odtn  oopper  b«gan  lo  I 
Bocfan.  4k«.,  pboMi  in  bottmn  « 
Bloir-boiealaiirMl;  poarad  too  alov, 
Ur^  ••miid-ka«da"oroMttafiVoa.  iMilL 
Do. 

No  shrinkage  ofbaod. 

Do" 

Do. 

Shrinkae*^  almoHt  iiuiin-tliate. 
Slmink  I     iiH'luv-*  v»'ry  r:»i)i«lly. 
N(»  rtliriiik.im- ;  crucible  No.  1  melt 

iiiiiiut«-rt  Wcloi  e  No.  2. 
Rlirutik  2  iuchea  wry  rapidly, 
iiu .  rr iiaiigeof  ■otaliaerMMloJartl 

poariog. 


.sill  inkjiiif  ikliiinHt  imiiiiMliiile. 

McIicmI  liftfi  ii  mimiti  H  b<>fnre  ad«lin(r  tin. 
.Mrlt«'<l  tw.-ii! y  nijiiiil<-r<  )ii  Ion-  a<iiliiij^  tin. 
Metal  oonsidered  too  hot  when  taken  froat 
M  ooeladtaair. 


Melt«l  twenty  iiiiiint«>B  bt<forw  iulding  tin. 


UntiHually  h"t  inetul ;  o«h>1  i  hill ;  blow- 
in  casting. 
Chill  oool{  oiiiaiportMit  blow-holaa. 

Moltod  tWOBl»>flp»  "  

Un. 

Melte<l  twenty- 

dine  tin. 
MetaToom 

Do. 

Rxceptiooal  shrinkage. 

Heltod  tweaty'throe  minatoa  koAm 

iac  tla. 
Chill  hotter  than 
Do. 

Obill 

Do. 
Chill 


Do. 

Melted  thirty  miaalaa 
Do. 


Metal  qntte  flnid. 

Melted  twenty  minnteo  before  adding 
Do. 


5  |KninilH  br(iii/,o  itddod  to  OBO  pol 

!4kiniiiuDX  to  cool  metal 
7  iioiiiitU  kroaio  addadt 

(•rlit<ir. 

7  p<iiiu<Ih broiiKc niModi 

Hcoria  about  edges. 
SpoaadakioMoaddodt 
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JO 


a 

« 

I 

£ 

I 

CO 

I 

a 


271 

260 

247 
254 

297 

245 

275 

2oii 
252 
270 


ja 


Lbt. 
U45 


118c  8 


'  115.5 


CMtlSf. 


Metals  ased. 


9,m 


8.126 


292 
261 


,  115.  5   jS.  44 

lis.  75  is.  125 
I  114.75  3.25 
i  115. 26  '3, 125 
112.0  3.:. 

,  113.  7o  'X  62o 
I  114.5  ,3.875 
)  IILO  jU625 

ii:<.  r.   A  r. 

114.75  a.  5 


293 !  lias 


253 
287 
251 
291 
278 

280 

258 

260 

286 

279 

284 

257 
289 

290 
281 


:  114.75 
!  114.25 
I  114.75 


I«k0 

IfOift 

160.0 
180.0 

160.0 

160.0 

100.0  I 
im).  0  ' 

160.0 
160  0 

i«ao 

lliO  (I 
IfiU.  u 


&  37.1    180. 0 


8.25 

3.125 

3.25 


114.6  3.25 
1  114.25  13.25 

'  111.  T)  '3. trs 
I  112.5  1 3. 44 

I  115.0  |3.25 
;  114.  75  '3. 125 
!  114.5  3.25 

U40  Em 

114.9  12.875 
113.76  t8.U» 
1U,0  ^15 


160.0 
ICO.O 
160.0 
160.0 
100.0 


160.0 
160.0 
lOOiO 
160.0 

m.0 

SOLO 

904.0 
100.0 
100.0 


Bnuute. 


1 


Lb9. 

in.0 
iM.e 

130.0 
130.0 

130.0 

130.0 

130.0 
KtO.  0 

130.0 
130.0 
U0.0 

l.'io.  ti 
lOU.  0 

130.0 

130.0 
130.0 
130.0 
130.0 
130.0 

303.0 

130.0 

13U.0 

1M.0 

180.0 

U0.0 

mo 


^  3 


3 


Lb*.  \  Lb$. 
&0  I  14.S8 

1.5  :  1418 


 I  14.  SB 

8.0  ;  14SS 

8.0  14.25 

 j  14.25 

.  ..  I  14.25 

8.0  14'.'.. 

5.0     14.  2."> 

  14  -.'5 

  14.26 

&0  I  14.20 


I 


4.  U 


14. -J.-. 
14. 2i 


7.0  '  14.25 

I 

7.0  '  14.55 
.  . .  !  14. 25 
6.0  I  14.25 
0.0  '  14.25 
 I  14.25 


I 


8&.0 
180.0 

imlo 


3.0 
8.0 


14  25 

j  14.25 

I  14.25 

14.26 

I  14.25 
I  14.35 


10.6 

14.25 

14.25 


85 

265 

115.25 

:3,  I'J 

11)0.0 

130.0 

14. 25 

«6 

•_'•)». 

111.  r. 

:i.  •-'.=) 

178.0 

114.0 

16.5 

S7 

:i.  25 

2<J4.  0 

08.0 

17.6 

10.25 

88 

208 

113.5 

m 

204.  0 

68.0 

17.0 

19.25 

89 

274 

115.25 

3. 19 

204.0 

84.0 

...  . 

10.25 

90 

283 

1148 

11.25 

2040 

840 



1ft  85 

91 

267 

im.  r. 

3  1-2.' 

1  fiO.  0 

irto.  0 

14.25 

92 

277 

lU.  lb 

3.  I  ZL, 

ItiO,  (1 

KM,  (» 

14.25 

93 

273 

114.5 

'3.  375 

ir>i)  0 

lAO  II 

14.2-S 

»4 

282 

115.25 

3.  375 

IMi.  U 

14.  25 

96 

259 

114.5 

3.25 

160.0 

130.0 

14.25 

W 

295 

U8.& 

8.25 

160.0 

mo 

14  25 

5  ' 

a 

o 


-a 


3 

II 


11 

el 

e 


p.  et  I  LA*. 
8.S4  30a85 

8.88  i  80475 

488  !  88425 
482  <  807.25 

I 

8.58  I  107.25 

8. 63  !  304  25 

1  I 
8.  C3  ,  304. 26  I 

&i.  ^    312. 25  ' 


8.54 
8.53 
8.53 
8.54 

ass 

8.54 


I  aoo.  2'> 

I  804. 2  ^ 
!  304.25  : 
81425  I 

304.25  I 

808.25  j 


K.  54  ,  :ill.25 


a  r»4 
a  iVi 
a  54 
a54 

8.  5.1 
9  0 

8  M 


;ni,  25 

.ti  t4.  25 
aiu.  25 

310.25 
304.26 

306.0 


H.M. 
1. 40 

2.0 

1.80 

1.20 

LIO 

LSO 

1.30 

1. 40 

1.50 
2.  Uo 
L50 
1.88 

1.40 
1.30 

L35 

1.20 
1.50 
1.60 
L25 
1.30 


a  53  304.25 

a  53  .  301. 25 

a  53  I  304. 25 

a  53  j  304. 25 
a 53  ,  30425 
480  3045 


aso 
a  ."w 
a  53 


'  2046 


a  53 
a  73 
a  73 
a7;» 
a  7a 
458 

a  53 
a  .'.3 
a  53 
a  53 
a  5.T 
'  a53 


80428 


.104.  25 

30a5 

30a25 

:»a25 

307.25 
807.85 

304.  25 
304.25 
:i04.  2.') 
»04.23 
304.  25 
304.25 


I 


1.17 

L24 

2.10 

2.05 

1. 40 
1.40 
416 

^80 
1.26 
1.26 


2.0 

1.45 

1.30 

1. 40 

2.0 

440 

1.20 
1.35 
1.30 
1.40 
1.20 
L4& 


Time. 


a 
» 

M 

a 

BE 
a 


5 

3 

8 

7 

11 
8 

7 

2 

10 

10 
• 

32 
S7 

10 

12 
35 
35 
6 
16 

3 
18 

6 

34 

47 

21 
13 
80 

91 
18 
10 


43 
46 
8 
6 
38 
48 

23 
15 
15 
34 
15 
6 


s 
s 

a 
t 

1 

Jr. 


8 
6 
8 
6 
9 

3 

6 

5 

7 

6 

8 
10 
6 

e 
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preponderanvt,  atui  phjfsival  piopti  titii  oj  the  yumt — (Joiiiiuueii. 


CasUng. 


•f  siM-ciinenH  frooittnk*  I 
log  liMkd.  I 

I 


5  I  I 


C«ktttlMoraMMlwlMi>l  «     'Id  -f 

1 1 15 1  - 


I 


I 


e 


Cni.  ihlf  No.  IfdnD;  ITo. 
2,  Uvelj. 


▼•ycool    I8.8803  53,.W  0.S2J1 

CnieibleNo.l.oool(No.  8.78«5  5o.7K«jo.47:ii 
S,inod«niMy  ha*. 

 do  8.813444,587  0.  4tM>0 


i'.cL 
0.02 

4La8 


82.195: 


fl.  Srm  54.  784  0.  59'2.1 
No.  a  8582  50.  385  0.  4423 


('nicibleNo.  1,  cool ;  No. 

2,  very  cool. 
Crucihh'Nii.  1,  cool 

2,  lively. 

CruciblelTo.  1, oool ;  No.  &  625744, 587,0. 34  ih 
2,n)0dmtatylMt. 

Cool   &  t083  44, 187  0. 3462 

 do  a  7861 49. 986  0.3654 

.  a*  BLen»4s,if7jO-Mu> 

......te   a74M.4fi. 8^0.4914 


2>i.  iiH  75,  450 
3.'>.  68.  78,  O.V; 

.'M.  ;{7;  67,332 

41).  07  107,  540 

37.38  80,  4r.7 

2M.  0^  «)  1,950 


33.  14 
32.42 

aaio 

1181 


a  fns  so,  585  a  5000 
8.7807  47,  aee'ai 


4a  41 

9il7 


GraolbleNa  1,  eool :  No 

S^iDoderfttelyoooi.  _ 

Crucible  No.  l.Teryooot;  to.  864846^  187  a  S8M.  «L  IM  Ti  SBT 

No.  2,  moderate.  '  ' 

If  odenttely  cool  a8291  54.784'a5154  38.27  88,741 

Very  cool  8  8179  50, 885|0. 3500  21,73  64,878 

 do  a  7713  55, 184  0.4780  24.26  72.858 

 do                      .,  la 8236  49,786  a  8577  24.87  66,825 

Cooled  to  lowt0iiip«r».  ^6g014ai8aa8488  ».17  88^6n. 


Ia6g014ai86ya8488 

til  re  in  air.  .  I   

Tci  y(  4M>l:  low  t«tn|Mim-  a7a814a8Ma8888 

ture  iu  furuace.  I 
Cooled  in  Sir  |a  618648. 887»iS88S 

MeteaAdy  hoi  la  8641 4%  US.a  8848 

Cootod  te  ikraMW  a  7V78  68, 884,a  8088 


C6.090 
73,967 
68,820) 
88^648 


1.5  poiiud.H  bioii/i'  addodt  I 

c<'iit»!r  with  Hcoria. 
Hollow  Hhrinkagi";  considerable  Booria. 
.Sand  lioa4lM  principally;  3  poandfi  bi-onae 

ud<lt'd  to  one  crooiblli. 
Lower  headn  principally ;  bronze  added  aa 
above. 

Hand    beailtt    principally;  considerable 
scoria. 

Lower  heads  principally;  oonsiderable 

Hcoria. 

8  pounds  bronse  added  to  oool  Batal;  ohiU 

cooL 
Do. 

Molted  flfteen  mintitea  before  addtBg  Urn. 
Mailed  tw«hr«  Blmitee  beftn  adding  tiB. 
6p«iinda  bnnae  added  to  enaeraeiHata 

eool  metaL 


f.  ytynflf  iHwntt  a^Mod  to 


9L40 


.do  la6M661,186!a40l6  17.01 


84.10 


Do. 

MeUl  oooled  in  ftimao& 
6  ponnde  broaae  added  to  eool 
Da 

▲Honed  to  oool  la 


Oaiuj  Lower  headaontj;  dowtia. 

98^784> 
0a864, 
81,665! 
n.666 


at  OBoe 


 do  a  711945b 

So  r.K.i  that fortfoa did  £6760Ba 

not  run.  i 

Mod.  iat.  lv  hot  8.8539.V2, 

Cooled  iu  uir   a  7187  44, 

Crucible  No.  1.  nuxlcr-  a  881081; 
ately  oool ;  No.  2,  mod 
eratdy  hot. 

Very  cool  a  K8«,{52, 

 do  a8731  .V2. 

Moderately  eool   a  7929  47, 

 do....  a  7646  47. 

Very  cool  a  8817  61. 

CniciUeNal,oool;No  a8M161. 
2,  moderately  hot 

Moder»t«Ay  OOOl  &  3634  42. 

Cool  a  8236  49, 

 do  a  8474,49, 

 do  a  8600  58, 

▼eryoool  aon447. 

......do  lion  47, 


586  0. 3486 
786;0.2638 
a  8807- 


784  0.  576!» 
687  0.3346 
664^)18641 


584  0.  6840 
3^-.'.  0.  5019 
986  0.  3077 
186  0.  3039 
I86ia6058 
885^ 


23.  00 
19.16 

saoo 

47. 72 
86.48 
4a  47 


59.  670 
56.637 
Oa809! 

100.  060 
09,108 
8a017, 


8  poiinds  broil/.'  luldt-.l  to 

which  wa«  very  liquid. 
No  bronz.'  ii«lded| 

nkiuiuilai 
Melt«d 
tin. 

Melted  fiirtor*! 
tin. 

Cooled  poctlj  in  ftamaooaad  partly  !■  air. 

Do. 

About  12  ]Miun<lH  ni.  tul  r.^msiined  i  CM 
oraoible;  bead  2.5  inobee  short. 


56.  72  121.  490 
43.66  92,973 

27.71  08,302 
40.  58,  67,  948 


Chill  cooler  than  uaoal  for  eeoood  oaetinc. 
Do. 


84.57 


4686  iaa6  68^8611 


7a  2271  Metal  eooled  in  Aunaoe. 

^  -  *  Do. 


187  0.  3600 
1850.4260 
986  0.8846 
384  0.6688 
186^  2797 
6716 


27.00 
3L10 

sa86 

8L71 
S1.S8 


58.  271  No  shrinkagOi 
71,3861  ChiUhot. 

81,848  ChOl  extra  hot 
71,6881  D& 
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CMtteff* 


Lb,. 

Lbt. 

ir 

273 

114. 76 

3.25 

08 

283 

US.  26 

8  375 

9» 

28» 

113.75 

3.826 

100 

276 

115.5 

3.875 

lei 

299 

1U.25 

3.25 

102 

115.0 

3.  375 

104 

aoo 

u^o  j 

8.25 

I 


s 

3 

H 

efi 

•si 
i. 


a 

■J 


5  Is 


31)4. 25 
304. 25 
804.26 
804.25 
304.25 


H.  M. 

M. 

jr. 

L41 

5 

7 

L60 

82 

6 

1.10 

24 

7 

Lf? 

IS 

« 

LSO 

7 

8 

•* 

5 

1.5 

L75 

2.0 

2.0 

L75 

0176 


n 

IM 


lf.0  t. 

i.io.  0  : 

SOLO  i 
906. 9 


COFDSMHSD 


0.0 

5.0 


11.7 

14.25 


I 


8.01 

300.2 

L41 

4 

1 

8.M 

310.25 

1.80 

2 

« 

0.0 

306.0 

8 

8 

1.25 

8lO 

m.9 
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OMUng. 


I 


Ouudiuofi  •!  UMiUil  wheu 


a 
I 

w 
at 


s 

£ 


5  c: 


Lb0.  Inak. 

 «o  !«.  «a07-8llb  UbV  4888' 

 do  &  6O034M8rAia4O 

Torjoool  R.  8404  53. 881  OLinZ; 

 do  |8w  SlftTlftO,  1860.3110 

 6»  ,&  8372^52, 884;a  8808 

 &SinjM|88r,8l*lM^ 


80i8ft> 

88.83 

30.03 
43.00; 
27.17 
47.  OB 


8&,3!IOi 
64,8fl» 
94,  860, 
68,010' 
100, 126; 
81,«70| 


1)9. 


(  pOtUiM  «f 


CASTUrOS. 


ModerAtel^  hot , 


a8885j49,a86a  3885 

a.3903  34,llM|o.2290 
&8Ua|81.88S0iSl42 

33, 30010. 1801 


38.56 

81,857 

22.30 

44,055 

20.00 

65.027 

19.6 

41.5S4j 

Spoiled  in  attompting  to  "  tmni  on"  tnin- 
nions. 


Cuixh'iunod  for  lHf»  UoW'hoU ; 
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For  the  purpose  of  discussing  the  results,  and  especially  iu  order  t 
establisli.  if  po.ssil)!^,  those  det^iils  iu  the  mode  of  caHtiiii:  wliieh  givr 
good,  irnHliuiii,  or  had  result^?,  it  will  be  convenient  to  divide  rhet-a;;: 
ings  intAj  several  classes  and  observe  the  average  for  each.  Ba,8iijg  soci 
a  division  primarily  upon  the  teuacity  of  the  specimeu  bars  and  a4op! 
ing  the  limits  of  tenacity  given  below,  we  have  fonr  claaaes  of  timt 
which  were  accepted  and  two  of  the  rejected  ones,  for  which  tlic  Umit 
ing  pliysical  qaalitiea  of  the  metal  are  given  in  the  following  table: 


Tenaoitv 

origioa)  Ultimate 

I  croM-^-ctimi,  extMuion 

per  square  '  p«r  lluA. 

inch.  , 


nitiDiat« 
tvdnolion 
In 


Apiwreut 


Pnund*. 


Inches. 


Per  cent. 


S5,584          0.  «84C           56.72  '        8.9104  5<^"5 
49,786          0.30'-'7            I':!.  (>:.          8.  tiT13  i 

M«n  

5U,4M  :        0.4884           36. 54  j        &8«ia  & 

Cliif-s  11. -'Mt  guns: 

i9,fm          U.4602  4L7<} 

Mmb  

47.9M         0.a078  29.il« 

CUas  III.— 14  truiw: 


CUmIV 


44, 

4a,m 


iL4m 
asBOo 


J7.77 


«.»v 


4« 


Q,18M 


ar.taa 


UL89S 


ClaHH  I.— 2  KUD8  : 

Mjucimum  

Minimnm  .... 


Menu 


ClMn  II.— 2  ssOm: 
Maxiinam..... 
MiiiiniuTU . .... 


Me«u 


!          51, 985 

0. 388.'i 

38.  56 

i  49,986 

0.  3142 

2U.60 

I          SU.  965  , 

U.3513 

1          34, 190 

'1.  'SM) 

i 

."J-  l».f  1 

1  33,300 

U.  ibUl 

19.  : 

1          33.790  , 

■  1 

U.2O&0 

21.28  J 

8.8163 


I 


8.3903 
&3626  .... 


8.3764 


5i» 


*  Five  apecimcns  only  of  CIahh  I,  2  of  Claas  II.  1  of  Claims  III.  and  1  of  CIm  H, 
were  tented  fur  hardn«M.   For  the  rest,  one  •pecllMa  fvm  ««cb  OMtlqg  U  UuboAtd, 

Tbi'  specimens  tested  lor  hardness  weie  tnUen  from  the  he«nd  about  6 
iiu'lies  abovr  the  muzzle  ot"  the  i^'un  ]»?o]»er;  their  iiuinber  is,  moreover, 
too  Iimite<l  to  euable  a  general  dediietion,  nevertheless  the  averages 
as  well  as  the  individual  results  show  that  this  proi>erty  iucreases  with 
the  density.  The  Ibllowing  dedaetions  ttma  Table  B  are  obviooa,  tii: 
The  greatest  ultimate  extension,  redue^tion  in  area,  and  apparent  den 
sitr  Rre  combined  with  the  ureate.*4t  tenacity.  The  averages  of  the  M^* 
eral  classes  show  no  exception  to  tiiis  rule. 

OHAEACTBBIBTICB  OF  VBACTUBB. 

Whilst  the  anpearanee  of  the  fractured  autliiee  of  the  speoiuieo 
oharaoteristio  of  the  elass,  it  is  by  no  means  so  maoh  so  as  uiat  of  tirt 
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xtorior  of  tlie  specinii'ii  n  ffpr  fracture.  The  abs*'i)<  (  oi  breaks  or  cross- 
racks,  wliicii  leaver  tliu  bar  auiootii  to  the  toucli|  iiuwever  tuucli  it  may 
»e  Btimted  or  blistered  wsrped,  is  iavailsbly  an  evidenoe  of  good 
[uality.  As  the  scale  desetrnda,  the  exterior  of  the  specimen  lieooinet 
(lore  and  more  harsh.  The  tendency  to  well  (U'QiuhI  strite  or  sliarp. 
ifl  f^od  blisters  also  descends  towards  lower  and  broader  blisters,  which 
iicuibelves  tlually  dinappeiir  aliuosl,  until  with  the  poorti^it  specimens 
ve  flud  the  bar  having  but  little  irregularity  of  outline  and  covered 
vith  croas-cracke  more  or  lees  minnte. 

BnraOT  OF  YABIATIONS  IB  THB  0A8TINO  OPBBATIONS. 

Beferriu^  to  the  method  of  casting  before  deaeribed,  and  8upiK)siug 
be  chargBB  to  have  been  properly  proportioned,  we  revert  to  the  reoora 

[Table  A)  for  the  details  followed  in  the  casting  of  the  gnns  composing 
tlu^  several  classes  adopted.  We  no  tlius  led  to  believe  that  the  qoal- 
ity  of  the  casting  is  influenced  by  ttie  lollowing  incideiit.s,  viz:  v 

1.  interval  of  time  from  **  copper  melted  "  to  '*  tin  mlded," 

2.  Interval  of  time  from   tin  added"  to  '^orooibles  drawn/' 

3.  The  aggregate  of  the  two  above,  and  also  of  the  total  time  the 
metal  is  iu  t  he  f  urnaee,  ioeiading  the  time  required  to  melt  the  oopper 

or  copper  nm!  brnnzo. 

4.  The  condition  or  temperature  of  the  metal  when  poured. 

5.  The  temperature  of  the  chill. 

The  following  table,  showing  the  average  times  employed  in  oastiog 
and  the  uamber  of  morning  and  afternoon  eastings^  arranged  aocord- 
ing  to  the  classes,  is  given  ibr  illnstration: 


Tablb  C— FariaMoM  In  A«  ea*it$tg  ofenMMtB, 


Ohm. 

1 

b 
II 

3 

II 
II 
1 

t 

5  . 

11 
If 

e 
& 

Copper  melt«d  to  tin  added. 

8 

2 

o 

3 

a 

3 

c 

a 
1 

E 

▲.IL 

P.IL 

H.M. 

M. 

M 

,,r. 

77,  3r 

No. 

No. 

1  44 

16 

4  9 

•J  7.  .^ 

12 

3» 

1  42 

0.5 

B 

k<.  i> 

18.  5 

•i  00.5 

27 

9 

1  29.5 

9.5 

20.5 

1  80 

12 

a 

t  41.6 

5.5 

4.5 

1. 

It 

1 6Le 

2 

• 

1  41 

3 

3.5 

2 

«.5 

I  47.5 

0 

2 

1  30 

10 

• 

12 

1  42 

2 

0 

This  record  of  avera^res  shows  that  the  charpfes  which  w<»r<^  left  long- 
est in  the  furnaee  «;aA  e  the  best  outcome.  The  relative  number  of  a.  m. 
and  p.  m.  castings  in  the  diflerent  classes  is  siguiticaut  iu  several  re* 
speots.  The  morning  eastings  were  as  a  rale  harried  move  than  those 
made  after  noon ;  the  charged  crucibles  were  put  into  a  Ihmace  not 
thoroujrhly  heated  ;  the  tin  wa.sad<led  sodii  after  the  eoi)per  was  melted, 
aud  the  crucibles  themselves  soou  afterwards  withdrawn.  The  ohiil^ 
6191  OBD  26 
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moreover,  was  not  uiiifonnily  heated;  it  wasgeuerally  hotter  outj^ide 
thHD  inside)  and  the  a\  erage  teuiperature  varied  considerably;  probably 
hetweeb  20(P  and  400o  F.  On  the  other  hand,  for  the  aftemooD  eaet- 
in^B  the  metal  was  charged  in  hot  cracibles;  theliUDaoes  were  tkor- 
onphly  heated  ;  the  metal  was  left  in  the  fiiriiaee  for  a  considerable  time 
after  melting,  and  the  temperature  of  tlie  cliill  waH  uniform  and  motier- 
ate;  in  all  of  which  contrasts  the  advantage  appears  in  favor  of  the 
latter.  The  aoeompaniments  of  the  p.  m.  eastin|{8  gave  maoh  the  beet 
opportnnity  to  regulate  the  melting  heat.  In  35oat  (rir4iSof  the  best 
castiDfrs  (p.  m.)  the  interval  of  time  between  "copper  melted"  and 
^'charge  withdrawn"  averaged  between  thirty  and  thirty  live  minutes. 
It  may  be  noted  also  that  in  the  morning  the  sand  head  was  gre^u, 
whilst  in  the  afternoon  it  was  pretty  thoroughly  dried,  from  having beea 
left  some  time  in  place  npon  the  heated  ohill.  One  woald,  however, 
expect  the  "preen"  state  to  be  advantageous  in  retarding  the  s^)liditic4^ 
tiou  of  the  head.  The  only  immediate  effect  observed  was  that  with  tlie 
green  sand-head  there  was  apt  to  be  more  or  less  ebuliitiou  from  contaict 
of  the  heated  metal  with  the  moist  sand. 

T£HPEBATUR£  OF  THE  MBTAI.  WHEN  FOUSSD. 

We  need  only  to  refer  to  Table  A  to  show  that  for  none  of  the  castings 
belonging  to  Class  1  was  the  metal  more  than  moderately  hot  when 
poured,  relatively  cool  and  even.  Very  cool  metal  gave  the  strongest 
material:  in  ftet,  the  general  results  showed  that  It  was  well  to  hare 
tiie  metal  simply  hot  enough  to  flow  easily,  which  is,  of  course,  a  mat- 
ter  of  experience  with  the  workman.  This  fact  was  not  left  for  after 
eJneidntion,  for  it  was  perceived  early  in  the  work,  and  at  onee  taken 
advantage  of  by  £.  H.  Timm,  the  workman  in  charge,  to  whose  iuteili- 
gence  and  care  the  good  results  obtained  are  mainly  one. 

The  practice  of  adding  a  small  quantity  of  planings — ^from  3  to  8 
pounds — to  the  charge  in  the  crucibles,  after  skimming  and  just  betore 
pouring,  was  originally  introduced  at  the  forty-eighth  casting,  and  sub 
seqnently  applied  to  nineteen  others  between  that  and  the  seventy  ti ft h 
casting/  The  idea  was  twofold:  first,  to  thicken  the  metal,  which, 
prohably  from  the  use  of  a  quantity  of  fluently  remelted  heads,  was 
in  some  cases  unusually  fluid;  and,  second,  to  reduce  the  temperature. 
Of  the  castings  thus  treated  six  came  out  in  Class  I,  eight  in  Class  II, 
four  in  class  III,  and  one  in  the  lowest  class  of  the  rejected  castings,  thus 
showing  no  marked  deleterious  ell'ect.  But  it  was  considered  at  the 
time  that  the  practice  was  lowering  the  general  average  of  the  work, 
and  so  it  was  abandoned  to  give  place  to  that  of  leaving  the  metal  in 
the  furnace  for  a  time  after  the  melting,  with  the  lid  of  the  Itaniaee 

partly  or  wholly  removed. 

The  general  practice  of  kee])ing  the  surface  of  the  melted  metal  well 
covered  with  fine  charcoal  is  bBlieved  to  have  had  a  beneficial  infloence 

in  ])reserving  uniformity  of  heat  and  in  retarding  oxidation.   And  sim- 

ilaily  that  of  oitcniiig  the  doors  of  the  foundry  as  soon  as  the  metal  was 
ponitd,  by  which  the  solidihcation  and  cooling  of  the  casting  was 
hastened.* 

*  The  vxpi-rimentii  of  Colonel  Lavrow.  before  cited,  showed  "  that  it  is  beat  to  cool 
the  metal  ra])i(lly  whfle  It  ia  In  the  liotiid  state,  and  to  hasten  the  eoolfng  even  after 
M>'i<Hfir!iti<>n."  TliH  cbill,  howrvor,  .hIiouM  not  lie  cooled  too  rapidly,  fni  Lit  nf»'nant 
Whipple  states  that  "with  gun  No.  1  the  uiolil  was  placed  during  oastiuK  in  a  barrel 
which  was  filled  with  ramiing  water.  *  *  *  As  a  oonseqaenee  tba  eUll  eraekcd. 
Wit  li  Nos.  *2  ttiul  'A  water  was  poured  fn'«'ly  »>ii  thi*  cliill  aft(5r  casting.  With  Nos. 
4  auil  .i  water  was  uat:d,  and  with  Ho.  6  and  i'ollowinff,  uoue  was  need  at  alL''  All 
ibe  caatiugs  uamad  w«ra  rabseqven^  ffjeeted,  two  of  tauOf  m  itAtod,  "on  sooooot 
of  wtitim*** 
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TRE  UEJECIED  CASTINGS. 

Tbefe  were  four  of  these,  two,  Nos.  14  and  73,  baviug  metal  of  high 
tenacity,  anrl  two,  Kos.  63  and  103.  witli  metal  of  inferior  ttniacity. 

No.  14,  tenacity  40,986  pouud^  per  square  inch,  was  a  <^o(n\  casting, 
except  for  some  8maU  cavities  in  tbe  trunnions;  it  wdn  ^uU^eqaeutly 
Spoiled  in  the  aeoond  attempt  to  born  on  neir  trnnnions. 

l$o.  73,  tenacity  61,985  pouinls  per  square  inch.  This  casting  was 
made  entirely  of  lower  In»n(l^,"  that  is  to  say,  of  portions  of  tlie  sink- 
ing head^  within  6  inches  above  the  mnzzlo  of  the  gun  pn)i)er.  No  in- 
got metals  were  put  in  liie  charge.  The  metal  was  poured  very  cool, 
poesibly  too  eool.  When  tiie  akin  of  the  oaating  was  tarned  off  in  the 
lathe  it  was  fonnd  to  contain  numerous  small  cavities,  and  one  about 
0.2  of  an  inch  in  diameter,  extending  to  the  position  of  the  bore  through 
tbe  second  reiutbrce,  that  is,  just  below  one  trunnion  iu  the  casting  posi- 
tion. 

Ko.  63,  tenacity  34,190  ponnds  per  square  inch.  The  charge  was  a 
usual  one,  and  the  metal  was  poured  <^  moderately  hot^;  both  cracibles,^ 

however,  were  cooled  by  adding  planings  after  skimming,  thus  depart- 
in  ir  from  the  usual  practice  in  such  case  of  adding  to  but  one  of  the  ern- 
cibies  and  reserving  hot  metal  for  the  sinking  heiid.  The  casting  did 
not  shrink,  but,  if  anything,  expanded  slightly  on  cooling. 

Ka  103,  tenacity  35,380  ponnds  per  square  ineh.  Like  Now  73,  this 
casting  was  made  entirely  of  lower  heads.  The  chill  had  been  out  of 
use  for  some  days,  and  was  probably  a  little  rusted.  T])e  casting  pit 
was  closed  at  the  time,  and  the  chill  was  lowered  into  ilie  furnace  pit 
(in  front  of  the  lire)  for  convenience  iu  pouring.  The  casting  did  not 
shrink  on  cooling. 

The  results  from  Nos.  73  and  103  point  to  the  necessity  of  using  a 
certain  portion  of  ingot  metal  for  each  charge,  and  again  fmin  No.  103 
to  the  ill  ettect  of  heated  surroundings. for  the  chill  atter  the  pouring  is 
complete. 

OOiS(j;.U8lON8. 

For  casting  bronaegnnsof  the  dimensions  and  with  the  appliances 
herein  described,  wc  may  oote  the  following  as  tending  to  produce  the 
best  qualities  of  metal : 

1.  The  ingot  metals  used  should  be  of  the  best  quality,  and  the  charge 
should  contain  about  9  per  cent,  of  tin,  the  metals  being  weighed  witli 
care. 

2.  The  charge  sliouhl  always  contain  a  portion  of  new  metals.* 

3.  The  furnace  siiould  be  thoroughly  heated  before  tiie  crucibles  are 
introduced,  and  it  would  be  well  also  to  heat  the  crucibles  themselves 
before  charging  the  copper  or  copper  and  bronze. 

4.  The  fire  should  be  well  kept  op,  and  urged  especially  about  tbe  time 
of  melting  copper,  and  tbe  surihce  of  the  metal  covered  with  charooal 
after  the  melting  begins. 

5.  The  [in'tal  should  remain  in  thefnrnace  from  'M)U)  40  minutes,  after 
the  copper  is  melted,  before  withdrawal  j  during  whicli  time  tbe  tem- 
perature of  the  fbrnace  may  be  lowered  a  little  before  the  tin  is  intro- 
duced, and  should  be  rapidly  lowered  afterwards. 

*  In  the  preseai  OMe,  except  for  three  eastinge,  which  were  tuftde  entirely  of  oM 

hrn-\ze  (lower  heads),  rxnd  of  which  two  wore  raiTnrf  -',  rht>  cliiuj^f  oontaininc  the  Iff^t 
j»ruportioD  of  new  nietalq^  but  one  which  was  iaruel^  iitted,  was  as  follows:  ingot  cop- 
per, 190  poonds;  hMdf,  130  ponadi;  ingot  tin,  14.26  ponndk 
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C.  The  iugot  tiu  should  be  bi  okeii  in  small  pieces  autl  put  directly 
into  the  oraoible  from  25  to  SO  miDUtes  after  the  copper  ia  melted,  the 
eontents  of  the  crucible  thoronglily  mixed  by  Btiiring,  and  aflresh  diew- 
Ing  of  charcoal  added.* 

7,  After  withdrawal  liom  the  furiuK  e  the  contents  .slM>n1<l  be  again 
thoroughly  stirred  before  the  crucibles  are  skimmed.  Xhu  best  coDdi- 
tion  of  the  metal  at  thie  stage  is  believed  to  be  a  medium  temperatiue 
(rather  oool  than  hot),  bataolBeieiit  to  allow  it  to  mn  easily,  «iid  aftir 
eonsisttMM  y. 

8  Tlie  cliill  shonld  bo  moderately  atul  nnifbrmly  heated;  that  is,  it 
should  be  thoroughly  warmed  throughout. 

0.  The  metal  should  be  poured  as  soon  as  possible  after  skimming, 
directly  from  the  emcibles  into  the  nnnur  box,  taking  care  to  keep  the 
latter  well  filled,  and  in  case  ono  crucible  is  hotter  than  the  otlier^  re- 
eerving  the  prirrcipal  part  of  its  contents  for  the  Imt. 

10.  The  numer-box  should  be  at  ouce  removed,  the  toi>  of  the  casting 
covered  with  some  non-conducting  substance  ^charcoal  probably  beiug 
best  on  aceonnt  of  cleanlinessl,  and  the  chill  exposed  to  cooling  ear- 
rents  of  air.  A  rapid  shrinkage  of  the  head  is  indicative  of  a  good  cast- 
ing; in  eases  it  is  almost  immediate  with  a  motion  perceptible  to  the 
eye. 

11.  The  interior  of  the  oh  ill  should  be  ke^jt  perfectly  clean  and  fi*ee 
ftom  TOst,  &c.  *,  when  craeks  appear  they  ^oald  be  hammered  dose 
and  the  chill  prepared  for  ose  by  eoating  with  a  wash  of  black  lead  to 
prevent  scaling  of  the  iron* 

SfBOQANlGAL  TESTS  MAUK  WITH  THE  UNITED  STA'I'KS   TESTING  MA- 
CHINE AT  WATEUIOWN  AKSKNAl.,  MAi>:s. 

In  order  to  obtain  more  complete  tests  of  the  metal  than  could  be 

mndc  with  the  innchine  at  this  foundry,  duplicate  test  pieces  were  t;ikon 
side  by  side  with  the  regular  ones  from  the  sinking  head  of  teu  of  the 
castings.  Te^u  of  these  duplicates  were  ma!de  with  the  United  States 
testing  machine  at  Watertown  Arsenal,  and  the  resalts  fhmished  by 
H^j.  F.  H.  Parker,  United  States  Ordnance,  oommanding  the  arsenal, 
are  appended.  These  tests  snpply  a  kiinwlodfi^e  of  the  ela^^tic  ])ropcr- 
ties  and  extensibility  of  the  metal  under  varying  loads.  Besides  the 
determination  of  these  qualities,  they  differ  from  those  made  at  the 
foundry  in  that  the  stress  was  applied  intermittingly,  being  removed 
after  the  addition  of  each  regular  increment  of  1,000  poonds  per  aqnare 
ind),  whilst  in  tibe  tests  made  here  the  stress  was  continuously  a])plied 
until  the  specimen  broke,  except  that  each  speeiinen  hnd  to  be  n*nioved 
once  lo  reset  the  iiiuchme,  which  did  not  afford  mithcieiit  .scope  for  the 
stretch  ot  the  si)ecimeu  at  the  first  setting.  The  Watertown  specimens 
were  also  one  and  fonr*tenths  inches  greater  in  length  between  gaage- 
auoks. 

Tire  following:  tab^f  L'ives  a  summary  of  tlie  l  esnlts  of  tlse  Watertown 
t4\sts,  to  which  is  added  a  column  giving  the  mean  results  of  the  dupli- 
cate tests  (teu  specimens)  made  at  this  foundry  for  compariboii: 

*  , 

*In  tlii-><-  ("isliii^s  t]iis  iiit<T\:il  nf  tinjo  was  (ri  -i  i.  -I'ly  invoWly  divided,  ami  ;;;iv<« 
good  nisnltB ;  that  i»  to  say,  the  tiu  was  added  ^hurtlv  after  the  copper  wan  molted, 
Mid  tiie  lotiger  interrftl  plaeed  betw«6D  thts  time  wid  the  wtihdtawiL 
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VaMI^M  D. — Summary  record*  of  tegtx  of  metal  from  ten  hromr  (jun  cantinga  {cOHiTtUtt  t(f 
\       JUcctmber  14,  1883)  made  at  IVatertown  AraeHal,  Ma^tachunelUi. 


J±Ar  Jc  on  ■peciiaeo  (ca«tiag 
rambtt). 
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Mean  rcHnltn'  Mt>nn  r«!<iilt« 
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'Con<l<>rnn«  rl  for  inferiar  tooMilj  of  motal. 
*  The  proportion  of  UnSopooolbly  •IMIo  niwwIfaMlodt 

not  (>xcefd  9  per  cent. 
'  ThiH  appearx  t4)  be  Ml  omTt  th*  d— tlly  of  this  metal,  as  taken  at  West  Potaii 
*Most  probablv  valnes,  compnted  from  extensions  within  the  elastic  limit. 
*CondoiUMd  for  uutionnd  casting;. 

•From  tests  made  by  Lieut.  C.  W.  Whipple,  U.  8.  Ortlnanco.  at  Sandy  Hook,  N  J. 

NoTS. — All  speoimeos  were  taken  ttvm  gan<beMl.oext  to  moszle  of  piece,  as  near  outside  as  possible 

MMlVmUtltOMii. 


L_ 


890  BJBFOBT.OF  TUB  CHIBT  OF  ORDNANCE. 

Thp'j**  rosnlts  show  that  the  difference  in  ultimate  resistance  of  spec- 
imens  cil  hruuze.  tested  intei mirtin^ly  and  continiionHly  is  not  great,  and 
similarly  far  the  ultimate  elougaliou  per  iuch.  But  the  redaction  iu  area 
at  point  of  fraotnre  for  the  former  is  oonsiderably  greater,  iDdioatini; 
that  the  intermittent  ftpplication  of  the  Streaa  caused  the  specimen  to 
stretch  most  about  the  point  of  fi-  fcture,  or  nf  least  that  the  stretch  of 
the  stem  was  less  evenly  distributct]  than  under  the  coiiunuous  stress. 

The  diJBference  iu  densities  determined  im\y  be  partly  accounted  for  iu 
that  the  half  specimetiB  wbiofa  bad  1>een  broken  at  tbis  foundry  were 
used  at  WatertoAVn  for  a  redetermination  of  1 1 jis  property,  whilst  at 
this  ]}hu-v  the  whole  specime^i  was  weighed  belbre  enbjection  to  the 
tensile  test. 

Omitting  Kos.  U3  and  73,  which  were  taken  from  rejected  castings,  we 
And  the  following  in  tbe  resnlte  of  tbe  Watertown  teets : 

Tenacity ; 

Jiftzimam  per  aqoare  iooh  pounds..  68»  109 

Miuiinutu  per  oquMO  inch  do..*.  43.580 

Klastic  limit :  '  / 

Maxiiiaiin  per  square  inch  do....  15,000 

Minimam  p«r ■qumra  inoh....  do....  11,000 

Blongatioii  at  elastir  limit  : 

Maximum  tbousaiidtbi}  oi  tbo  linear  unit   0.967 

IfiDunam  tbooeandtho  of  tbe  linear  nnil   0.  €BS 

Module  of  rhist itit y  : 

Maximum  per  aquaro  iiiob  pounds..  20,000,000 

Mittimnm  ]per  square  ineb  do....  lSt,67&  S90 

Compared  for  tenacity  the  results  show  generally  that  the  tenacity  of 
the  weaker  speci 111 eiLs  under  the  West  Point  Fouudry  test  was  int  reasf'd 
at  Watertown,  whilst  for  the  strougest  specimens  the  reverse  toi»k 
plaoe. 

THE  PfiOJ£CTIL£& 

The  projectile  cousists  of  a  solid  cast-iron  cylindrical  body  with  uu 
ogival  bead,  deetsribed  witb  a  radios  of  one  oaliber  and  a  base  formed 
of  tbe  frnstnm  of  aoone;  a  wrongbt-iron  shank  is  screwed  into  the 

base,  having  an  eye  at  its  rear  extreTnity  for  attafiiing  tlie  shot-line.^ 
The  form  and  dimensions  are  shown  m  b^igs,  1,  2,  and  3,  Plate  XV» 
The  priucipal  parts  are  as  follows: 

Total  Ifiigth  of  l>ody  loobcp..  15.7 

Length  of  ogival  bead................  ..............do....  2. 17 

BadluH  of  bead  do....  2. 50 

Length  of  cylindrical  port  do    ..  12.43 

Diameter  of  cylindrical  part  do   2,5 

Length  of  frnHtum  ..do....  LI 

'  Diamnt«r  of  sniaUer  baae  of  frostam  do....  L  35 

Sbank : 

Total  ]enfl:tb  •  •  do....  6L80 

Leoglh  of  Bcrew  do....  1.60 

Diameter  of  screw  ...... ...... ......   do....  1.0 

Length  from  plain!  of  haso  .do....  5.0 

Dieiauoe  from  baae  to  center  of  eye-bole.  do*..*  4. 5 

Diameter  of  eje-hole  do   0.4 

Width  a*  aye  do..  1.0 

*8eo  report  on  lliiMaviDg  apparatna,  p.  906,  by  lAitnt,  D.  A.  Lylo,  Ordnanoa  Depart- 
awnt,  U.  8.  Army. 
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Tliiokiics.s  tTiron<;h  eve  .........inollM..  0.4 

Thickuoas arouotl  eyo  .....do....  0.3 

Diameter  of  neek  •  do  —  0. 696 

Dtstnnco  of  center  of  gmvity  from  plftue  of  bMe  do   7. 45 

Weight  (average)   pountb..  18.75 


Till*  projectiles  arc  cast  liead  down  with  a  sinkinnr  bead  from  5  to  6 
inches  in  length  aT>ove  the  base.  The  j)attern  tor  th(^  sand  mold  is  a 
Kimple  cylinder  of  wood  about  0.2  inches  larger  iu  diameter  than  the 
fluisbed  projectile,  and  having  a  head  corresponding  in  form  to  that  of 
tbe  projectile.  A  nmnber  of  projeetiles  may  be  oast  in  each  flask,  de- 
pending upon  the  size  of  the  latter.  As  a  rule,  four  projectiles  were 
Ciist  in  each  flask  in  the  present  iiistaiice.  Tiie  usual  form  of  flnsk  wjis 
used.  The  molds  for  the  projectiles  being  arranged  iu  the  lower  [jortion 
with  a  single  runner  through  the  middle  of  the  upper  portion,  branch- 
ing at  the  junction  of  the  flask  into  foor  channelt  leading  into  the  top 
of  the  molds.  No  risers  were  used.  The  molds  were  oven-ilrled.  A 
mixture  of  iron,  averaging  about  10  ]>er  cent,  of  Shaparoon  No.  2,  and 
45  per  cent,  oaeli  of  air-furnace  sera])  and  iJudson  No.  2,  was  used  in 
charging  the  air  turuace  from  wliich  all  the  ca.sting8  were/njaile. 

At  tids  foundry  the  cyrndrical  part  of  the  projectile  is  flnished  by 
oiroalar  cutters,  through  which  the  projectile  is  forced  by  hydraulic 
pressnre,  as  described  in  the  Report  of  the  Chief  of  Ordnance  for  isso, 
paf;e  lill*.  The  linking  head  is  tirst  cut  off,  the  shank  hole  di  ilh'«i.  and 
the  base  of  the  cylinder  prepared  for  the  press.  Following  the  opera- 
tions in  the  press,  the  head,  frastnm,  &c.,  are  flnished  in  the  lathe. 

The  shanks  are  forged  in  suitable  dies.  They  are  then  mounted  in 
the  lathe  and  tool  finish e<l  for  threading,  whilst  the  shank  portiou  is 
simply'  tiled.  The  thread  afterwards  cut  with  a  die.  The  exterior  of 
the  eye  portion  is  tiuished  by  haud  tiliug  and  the  eye  proper  drilled  and 
shaped  in  the  drilling  machioe. 

A  tenacity  specimen  of  the  usoal  form  for  cast  iron  is  taken  from  at 
least  one  shot  of  each  lot  cast,  generally  from  the  lower  portion  of  the 
sinking-head.  The  tenacity  should  not  be  less  than  25,000  pounds  per 
square  inch.  The  1,200  projectiles  accepted  under  the  present  contract 
were  cast  in  eight  lots,  varying  in  number  from  52  to  268.  The  tenacity 
of  the  8  specimens  ranged  from  24,624  to  28,640  pounds  per  square  inch, 
with  an  average  of  26,250  pounds,  and  the  density  from  7.1794  to  7.2603, 
with  fiu  average. of  7.2258.  "The  projectiles  when  finished  must  have 
no  tiaws  or  seams  that  would  scratcii  or  injure  the  boi*e  [of  the  guuj 
and  must  weigh  between  18.5  and  19  pounds." 

The  inspecting  implements  neoessary  for  gauging  the  assembled  pro- 
jectile are  shown  in  Figs.  4  and  5,  Plate  lY.   They  are — 

1.  The  projih'  for  proitefih'  (Ftq:.  5),  which  is  uKule  of  steel  and  care- 
fully finishf  d,  to  gauge  tiie  lengthS)  shape  of  the  head,  cyiiudricaL  party 
and  frustum  ot  the  projectile. 

2.  The9hamk  gauge  (Fig.  4),  which  is  made  of  steel.  It  is  arranged 
to  gauge  the  different  parts  of  the  shank,  viz,  length  from  plane  of  base, 
distance  from  base  to  center  of  eye-hole,  diameter  of  eye  hole,  thiel-ne^s 
through  eye,  and  di  t teeter  of  neck,  giving  the  maximum  and  miuimuai 
measurements  allowed  tor  each. 

The  final  but  most  important  gauge  of  the  projectile  is  that  it  must 
flt  "  air-tight in  a  gun  of  which  uie  bore  is  exactly  2.5  inches  diameter. 
Although  all  the  guns  were  gauged  to  be  air-tight  with  the  eylinder 
gauge  provided  for  tbe  bore,  yet  it  was  of  course  impracticable  to  bore 
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100  gans  precisely  alike,  and  In  some  the  gauge  did  fit  more  doeely 

than  in  others.  To  gauge  the  shot,  therefore,  two  gnns  were  seleetfid 
which  were  considered,  from  the  action  of  the  jrange,  to  have,  respect- 
ively, the  Bmallest  and  largest  bores  in  the  lot.  The  greater  number 
of  the  projectiles  were  tried  in  the  smaller,  Bince  it  wa^  louud  that  al- 
thongfa  none  were  too  small  for  the  larger,  yet  seTeral  whieh  entered 
this  gnu  readily  would  not  enter  the  other.  All  such  pr«](jectlles  weie 
laid  aside  to  be  reworked  and  snbseqnenl^  tried  in  the  smaller  bore. 


CONTBACT  OF  MAY  14,  1884,  FOB  35  GUNS  AND  4S0  PB0JSCTILK8. 

(Service  numbera  of  gans  from  301  to  335,  inclusive.) 

This  contract — the  second  within  the  fiscal  year-^was  n^ade  to  supply 

gUTis  niHl  })roJer  til)  s  of  the  life-saving  pattern  (Lyie  model,  1877)  lor  the 
use  ol  the  Kevenue  Marine  Service. 

Following  close  upon  the  completion  of  the  previous  contract^  the 
same  methwl  of  mannfaetnre  wa.s  pursued,  with  some  slight  variations, 
which  will  be  noted.  One  of  these  guns  was,  however,  fired  a  number 
of  rounds  for  extreme  proof,  flr-^t  witb  service  cliargres,  and  then  with 
charges  (of  po\v<1er)  iTtereaiiiug  in  amount  until  the  final  twenty  rounds, 
which  contained  double  the  service  charge.  The  facts  developed  by  this 
extreme  proof  are  considered  important  and  will  be  discnssed  in  detail. 

In  the  previous  contract  the  pro(»ortion  of  tin  was  fixed  between  8  and 
10  per  cent.  In  the  present  case  the  lower  limit  was  rnisrd  and  the 
amount  of  tin  to  be  nsed  fixed  between  9  and  10  per  cent.  In  both 
cases,  however,  the  charges  of  metal  actually  used  were  made  to  ap- 
proximate  a  proportion  of  9  parts  of  tin  in  100. 

The  same  ingot  metals  were  continned  in  nse  as  before*  vis,  Lake 
Snperior  copper  (Quincy  Mining  Company )  and  Banca  tin.  Up  to  cast- 
h)*:  No.  1.^,  inclusive,  the  charges  of  metal  eoutnined  a  relatively  )n>h 
percenta<ie  of  in<i:ot  eo])per,  and  diflered  in  no  essential  respect  Iruui 
those  previously  deseribed.  Beginning  with  casting  2^0.  19,  however, 
and  following,  the  proportion  of  ingot  copper  was  rMitced  to  aboat  li 
percent,  of  the  charge  without,  as  will  be  seen,  causing  ^hv  apparent 
deterioration  in  the  qujility  of  the  (jastings.  With  these  latter  one  of 
the  two  crucibles  i*equircd  lor  each  easting  was  charged  with  old  bronze 
alone,  the  other  partly  with  bronze  and  partly  with  new  metals,  and  lo 
this  cmcible  the  whole  of  the  ingot  tin  was  added.  But  the  nsnal  care 
was  taken  with  both  crucibles  to  keep  the  top  covered  with  charcoal 
while  in  the  furnace,  and  to  thoroup^hly  mix  the  contents  by  stirring^. 
In  some  cases  the  coutent4s  of  tlie  two  crneil>les  were  mixed  by  i>ourinjj 
after  being  taken  from  the  furnaces,  using  a  third  crucible  (heated)  lor 
this  purpose,  bnt  this  practice  was  not  continned. 

The  old  chills,  althongh  badly  cracked  inside  and  fbr  this  reason 
requiring  greater  care  and  mueh  labor  in  ealkin^^,  were  continued  in 
nse.  With  castings  Nos.  i  and  l*  (the  latter  of  which  was  afterwards 
condemned)  a  pattern  was  used  for  molding  the  sand-head,  which  bad 
become  worn  at  the  bottom  by  contact  with  the  heated  chiH  and  thns, 
caused  a  shoulder  to  be  formed  in  the  mold  at  the  base  of  the  sand-* 
head.  The  injurious  effect  of  this  was  at  once  apparent  in  the  castingSy 
both  of  which  were  cracked  around  the  chase  just  below  the  sai^d-hefwl, 
the  shoulder  having  acted  to  x>revent  the  metal  iu  the  sand-head  Ixom 
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biiikiug  properly  to  sapplj  the  siiriukage  below.   A  new  pattern  was 
at  ODoe  mibstitnted. 
AH  of  the  gaus  were  subj^eted  to  the  usual  proof-fliiog  and  to  the 

inspection  before  described. 

The  follnwinfi:  table  gives  a  record  of  the  casti^v^r^^,  the  numbers, 
weight,  aud  breech  preponderance  of  the  Enished  giuib,  and  the  physi- 
cal qualities  of  th^ir  metal : 
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Tablk  £. — Beoord  0/ etuHng,  rcgittvr 


I 


8 
4 

e 

1 

8 
9 

11 


U 

U 

14 

15 
16 
17 
IS 

19 
SO 

u 


17 

28 
29 

80 
•1 


I 

I 


a 


301 

304 

30S 
806 

807 
908 
309 
311 


812 

313 
314 
315 
316 
317 
318 

819 
320 

323 

325 
320 
327 
328 
329 

330 
331 


35 

87 
88 


Vi2  I  3.'?2 
88  333 
334 


335 
302 
310 
322 


109.25 

111.0 
114.25 

113.5 
112.75 

114.0 
115.0 
112.75 
111.75 


114.0 

114.  5 

113.  25 

114.  5 
112.  i:i 
112.  0 
112.0 

114.0 
114.  76 
113.0 

u&o 

118.75 

113.5 

115.0 

114.75 

113.5 

113.0 
114.5 


113.25 
114.0 


Lbi. 
3.125 

3.25 
3. 375 

3.25 
3.25 


t 
P. 
O 


Lb$. 

180.0 

Ifiii.  (t 
180.  0 

iBa.O| 

197.0 


3. 25  197.  0 
3. 126  180. 0 
3.625  144.0 
2.875.  112.0 


I.CW.  1110  u&t 


3.  375 

3.  -ir, 

3.  125 
3.0 
3,  2.'. 
3.376 

3.0  ' 
3. 125 
3.0  j 

8.125 
8.125 

3.25 
3.125 
3.125 
3. 126 
3.126 

8.125 
3.0 


114  0  3.2.5 
113.26  ,  3. 125 
113.0  3.25 

114.75  '  n  'J.'-.  i 
112.25  3.375 


3. 125 
3.0 


174  0, 

IHO.  0 
1)0.  0 

17»).  0 
i*0.  0 

103.01 

63.0 
63.0 
53.0 

53.0 
53.0 

68.0 
63.0 
53.0 
58.0 
88.0 

53.0 
36.  Oj 

33,  0 
53.  0 
63.0 

53.  0 
53.0 
90.0 
90.0 


BroitMb 


« 


no. 

110. 
213. 
120. 
112. 


122.0 

129.0 
125.0 
126.0 

130.0 
114.0 

12&0 

125.0 
120.0 
108.0 

mo 

129.0 
165.0 

148.  0 
125.0 
125.0 

22-'.  0 
120.  0 
210.0 
210.0 


I 


Lbt. 
110.0 

no.  0 

110.  0 

110.0 
9&0 

9&« 

110.0 
145  0 
186.0 


la 

H 

e  « 
a  — 

II 

H 

2A>t. 


102.0 

75.0 


o 
to 


Lin. 
17.0 

17.0 
17.0 

17.0 
1810 

ta« 

17.0 
12.5 
10.26 


UILS8 

16.0 
17,0 
7.0 

n.  a 

H.  125 
9.25 


lia  0  4. 75 
122.  0  4. 75 
124.0  4.75 


1^0 
13&0 

m.9 

12S.0 
130.0 
142.0 
121.0 


4.78 
4.75 

9.» 

6.25 
5.26 
5.25 
6.25 


121. 0  ,  5.  25 
lOL  0  I    8. 6 


121.0 
125.0 
mo  6.25 


3.  25 


22.0 
122.0 


6.26 
6.25 

10.0 

11. 125 


a 

V 


l*r.ct.. 

a  76 1 


.2? 

it 


o 


Lit. 
307.0 


a  76  r  807.0 
a  76    807. 0 


a  76 

a53 


307.0 
311.0 


313.0 
'  307.0 


a67 
a  76 
a  47  !  302. 6 
a  75    30a  26 


flL76  aOBLlS 


a64 
a  76 
a  44 
aeo 
aw 

R70 

a85 
as.') 
a85 

a  86 
a85 

9.0 

8.0 
9.0 
9.0 
9.0 

9.0 
a  98 

8.  99 

9.  0 
9.0 

9.0 

9.0 

9.  32 
8.d5 


306.0 
307.0 
310.0 
306.5  I 
312. 125 
309.25  I 

304.75 
804.75 
307.75 

307. 75 
307.75 

3ML1S 

30a25 
308. 25 
30a26 
30&2& 

30a25 
296.5 

306  26 
30a25 
30&2& 


30a2S 

.^00. 25  I 
310.0  1 
311. 125 


8 
5 


Jo. 

e 


H.M. 
LW 

1.56 
Z30 

1.46 

1.56 

2.30 
1.  45 
L50 


ZIO 

1.55 
1.  45 
1.40 
2.13 
2.14 

2.63 
1.65 

Ok  10 

1« 

£.0 
t.0 
1.15 
1.60 

2.18 
LIS 

1.  0 
2.0 
%• 

2.10 
1.20 
1.40 
106 


a 

e 
M 

5  . 
a 

a 


17 

10 
5 

18 
10 

10 
5 
12 
U 


28 

7 
20 
27 
28 

S3 

26 

12 
21 


n 

27 
45 

25 

19 


24 
33 


16 
43 
32 
89 


a 

C 

s 


2 

3 
« 


a 

i 


J3 

tn 


Inch. 


0 

l;5 

1.625 
1.5 

L25 

ao 


10  :  1. 0 

7  L26 


5  I  0.5 


'  2.6 
I  1.25 
I  2.37S 
i  1.5 
L5 
1.35 

L75 

1.6 

1.8 

Li 
10 

1.7S 

1.5 
2.0 
2.0 
L75 


6  L75 
4  I  1.5 

2    2  0 

6  1.6 


LO 
L75 
1.12Si 
L6 


USED  FOR  BZ 

It 

1440 

M&O 

110 

8015 

10 

0.5 

2 

S2 


mo.  110.0 

58.01  124.0 


17.0 

a  76 

807.0 

2.0 

17 

4 

126.0 

4.75 

&86 

807.75 

i« 

26 

6 

L5 
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Test  iif  sjx  i  inH'DH  from 
•inklDK-head. 


I 

o 

1 


a 

I 


...  8.  7&<C 


a 


I 


J3 


a 

S 

o 

r. 

a 


t 

s 

I 


t 

s  a 


B 


S    ^  ° 


400(42,868101808 


I  88.37. 


a 


62. 100 


;a  3ISM  41, 18R  0. 41 1.^  35.  78  6i.  W 

a  7749  47,      0.427    41.38  80.  60tl 

•1&  7400  «0»  887,a  878li  88. 88  73, 500 

. aOSI  18k 887klltfH  18.58  «4,80O 


43,  m<  0.  rrr? 


30.  r.j  ci'.soo 

...do   8.  8643  52, 984  0.  r.212  44.41   9.'..  300 

...do   8.  6588  44.  699^0. 354  j  34.  3(!  62.  500 


CrMsks  aroand 
i:hill  «'<M>1. 


Taken  hnt  from  fonuoe  and  cooled  in  air  ua* 

c«v«<it»d. 
Do. 

One  crarible  contained 
with  other  b«fore  ( 
Do. 

Ctiill  <]uite  warm. 


ernoible  hot  aod  &  8291,51, 78S;o.  55 
UqplAi  onooraoibU  ' 


a«?9e4S;7870.»l 


.do 
.do 


.do 
.do 
.do 


i&«t81S1.6Mj0i 
.|a6B»,41,8n!0L  88841 
.,&847448,fi66:a878 
.^T888'48,88il8i4 
.n[88|»41.7S78Lmi 

!&69M'48, 8880  46381 
8.8288.50.804 8148081 
 ,8>7aS06 


45.80 


as.  46 

ML  46 
SL18 
S8l80 
84. 97 


Hot  and  linnid  . . 
One  crucible  hot ;  oix- 
crucible  quite  cool. 
Cool  

Moderat«Iy  cool  

Cool  

Hediom  tampontnro 

Hot  r.  

Afediom  lemperature. 


.^8288.60.1 


I 


S.  P.WS  48,  985f0. 45 
K.  80H2  49.  774  0.4538! 


36.58 
40.90 
90189 

41.47 

40.80 


H.  8538  46.  186 


,a  7264  45,086 

a  8408  M.985 
ja84.'il      Oh'.  O.  .'1077 
|a7117,45,  390  0.  330 


95, 500j  The  hot  flmoible  owtolned  guB  Mo.  73  (old 
57.4001  Shrank  fanUly  L25  incheot  tbM  SBOO  iLlt 


78.100 
61,000 


06,800 
88.400 
07.450 

76.800 

IC8.7U0 

55,250 

83. 700 
84. 100, 


Shrank  nptdly  L25  incheoi 

Inchos  Ave  minatM  l*lar. 
CaatSog  oonplatoly  aot  te 

Chario  too  great;  nrald  ovortowed. 
BaftmM&wai  MMktaMCMtintknomiBatM. 
Bbnafnuo  to  oao  iMh  Torjr  mpAd. 
TmlLm  liql  flrwi  firaonn ond  nnnlod  hi  n trim 

below). 
flC68 


I&067I 


44.  «88i0. 354 
1.4307. 


Cool  

Kediaiii  temperatare 
One  crucible  Dot ;  one 

ontolble 
Median 
Cool  ... 


am%8Mo. 

«.  7206  44,  .18H  0.  :r231 
a  7068.45, 482  0. 3384 
a  7004  46, 187  0.  808 


0..1731  27.00  6.1,  790 
30.66;  66,300 
35  ir>  HO,  070 
43.  CGI  90,400 
:t2.  941  67,675 


0.  3(>92 
0.  4731 


29.  72 
80.76 

33.  73 
29.  09 
28.98 


63. 1.10 
71.330 

70,  210 
64.  2«5 
63,625 


Canting  roee  ■UMhtlj  Ik 

nhrinkaice. 

Cliill  rather  cooL 

Some  metal  in  cool  ernelble  set  in  i>oaring. 

Sonio  metal  in  one  emcible  aet  in  pouring. 

Soini-  iiK  lal  in  one  crucible  aet  in  pouring. 

Temperatare  of  melting  high,  partly  lowered 
byi       '  " 


Chatge  containi-d  ono>l 
inj^No.  22  below. 


a  8104147, 385  0.27«I9  20.  2P  .'SO,  440 
a  6203  42,  .387  0.  2846  26.96  .W.  030 
  a  7072  4.\  im  o.  2731  21.  95        <>>  '. 

Medium  tempenUare.)a78«2|4«k 786 0.2884,  27.821  oi.42u. 

I    '  ' 


Do. 

Tlf.-id  two  inchp*  short,  from  ^mnll  i  liarjxe. 
r<  r  (•<'iit.  of  liu  in  cli.iru*'  iii<  r.  d 

Same  ae  above.   Slight  liae  in  center  after 

flm  I  *  '  ~ 


Medinu  tempecminre. 

a3904j40.188|o.2823 

26.82 

54.500 

Selected  becauae  of  low  pbjaioal  propertlee. 

Cool 

8.iU5 

88,088 

0.2815 

25.24 

52,200 

Cond(<mn«>d  for  inferior  denaity  and  low 

phyHical  propertfoo. 
Condemned  aa  aeon  as  can ttf'orcavi  ties  in  ohaae. 
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The  fracture  of  the  tensile- te^t  specimeus,  takeu  aa  before  from  the  out- 
side of  the  sinking-hCHE^  jost  above  the  musszle  of  the  gun  proper,  exhib- 
ited oharacteriKtics  similar  in  all  respeoto  to  those  previously  described, 
The  column  of  "Tenacity  of  original  cross  scotioTi  -  in  tuble  shows  that: 
6  specimens  gave  tenacities  above  50,000  pounds  per  square  inch;  15 
between  45,000  and  50,000:  and  U  between  40,000  and  45,000,  none 
being  below  a  ten&dty  of  40,000  pounds  per  squaverineh.  This  reoord, 
whilst  good  in  itself,  is  below  that  of  tlu^  previous  contract,  giving  au 
average  tenadtr  of  about  40,350  for  35  fxims  against  about  -49,000  for 
100  guns.  This  deterioration  is  believed  to  be  due  to  the  use  in  the 
charges  of  old  bronze  which  had  been  several  times  remelted  and  had 
'lost  relatively  a  greater  proportion  of  its  tin  than  its  copper,  the  lower* 
log  of  the  percentage  of  tin  tbns  giving  a  loss  of  tenad^. 

HABDNESS. 

CastingH  No.  26  to  inclusive  were  tested  I«)r  hardness,  the  test  discs 
beuig  taken  from  the  outside  immediately  above  the  muzzle  of  the  gun 
proper  and  tbns  from  the  lower  end  of  the  tensUe-test  pleoe  in  position 
instead  of  from  the  upiter  end  as  in  the  previons  oontraet.  The  tests 
were  made  by  Lieut.  C.  W.  Whipple,  V.  S.  Ordnance,  upon  the  testing 
maohiue  at  Sandy  Hook,  and  gave  the  ibllowing  results : 


Vo.  of  speeioMnk 

L«Q|{th  of  oat 

HMdneM. 

SmbwIu. 

/imAm. 

91 

0.905 
0.865 

4.50 
5.16 

HTdneoiof  ooDpor  =:a.n. 

SB 

0.870 

6.M 

n 

0.805 

4.« 

0.900 

4.17 

n 

0.ir70 

&M 

n 

a896 

4.«i 

ai 

4.6B 

aaw 

4.ar 

» 

0.87S 

at 

4.9S 

M 

For  the  two  last  eastings  an  inereasi^  eharge  of  tin  was  osed,  amoant* 
ing  in  Ko.  37  to  10  p^eent,  and  in  No.  38  to  11  per  cent.,  of  the  charge 

of  new  metals.  Tliis  increase  of  tTu  was  intended,  in  No.  3S  at  least,  to 
bring  the  pereenm^^e  of  tin  fully  up  to  that  used  in  any  eastini^  made 
under  the  two  t  on u acts.*    But  iu  the  absence  of  accurate  data  aii  to 


*liemarkBoiio«itingaliiofl.;{7aBd38.  Previouitoastmgs having  shuwn  a  t<^ndency  to 
nadne  softnew,  trUoh  WMbellevied  doe  to  Iom  of  tin  from  fr««|n«ntremeltii)g8  uf  hea<l«, 

the  charge  of  tin  for  No.  t'S'  was  <  ouipuiKl  as  follows  (on  a  l>a.si.s  of  9  per  cent,  for  the 
charge),  vis:  New  copper,  UU  pounds,  demaudcd  U  pounds  of  tin.  It  wa.<«  farther  as- 
tamod  that  the  beads  bad  been  remelted  three  tbnes.  The  lom  of  w  fight  in  easting, 
prr'vioiisly  dr'toirnirw-f!,  was  <-ight-tenth8  of  1  p.^'  retjt.  of  tlic  whole  for  oarh  castiti!,'. 
Creditiug  live  pans  ot  ttiis  loss  to  the  copper  aud  two  parts  t<»  the  tin  ("two  to  three 
parts  of  copper  are  lost  to  <Mie  of  tUi")<  tli<^  loss  of  tin  for  each  melting  was  twenty- 
three  hundredths  of  1  per  cent.,  and  for  four  nieltiiisjH  thou  about  1  per  cent.,  thus 
iuaving  the  heads  witli  about  6  per  cent,  of  tin,  and  giving  the  following  basis  for 
tlieehMfe: 


Tin. 

Paund$. 
90.0 
193.2 

Found*. 
9.0 

With  No.  37  only  1  pound  of  tin  was  added,  for  expuriuieut. 
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the  amount  of  tin  lost  from  tlic  beads  of  these  rastings  at  each  meitiogy 
the  iuteutiau  of  the  increa8e  was  uiaialy  expet  irueuUil. 

The  teoiile  tests  firom  these  two  GMtiD|{8  do  now  Aow  equal  to  some 
of  the  previous  ones,  bnt  that  of  No.  38,  containing  the  greater  propor- 
tion of  tin,  fT'.wi'  tho  hiiihi'v  tonacity.  ,  Thv  working  of  the  metal  under 
the  lathe  tool,  and  sub.st iit  lirin^^  i>root  of  these  two  rastiiiifs,  showed 
them  to  be  of  excellent  quality,  liut  their  incL*ea8e  in  haidnetitt  is  not 
marked  as  compared  wiui  the  average  of  juevioiis  castings,  under  this 
contnict,  nor  even  in  lilo.  38  is  it  equal  to  the  average  hardness  given 
by  the  tests  nmler  previous  contraet.  From  which  it  might  be  inferred 
that  the  |)roi)ortioii  of  tin  was  8till  small.  Hut  considering  that  the 
average  hardness  of  eight  accepted  castings,  under  previous  contract, 
was  5^,  and  of  thirteen,  nnder  this  eontraet,  was  4.7S,  we  are  led  to 
believe  that  the  difference  in  position  of  the  test  pieoes  effected  the  re- 
PuUs  for  hardness,  and  that  since  the  first  named  were  taken  from  the 
Sluicing  head  about  tJ  inches  hi<iher  than  tin*  l^st,  we  may  conclude  that 
the  upper  portions  of  the  siukiug  heads  do  contain  more  tin  than  the 
lower,  for  it  is  generally  accepted  that  the  hardness  of  bronze  increases 
with  the  proportion  of  tin.  This  opinion  as  to  the  effect  of  position  of 
specimen  on  hardness  is  confirmed  by  the  individual  tests ;  they  are 
nearly  uniform  for  the  last  contract,  but  irre^rrdur,  and  some  of  thenj  ab- 
normally hiprh  for  the  j)revi()us  contniet  (set*  Table  D).  One  conriusion 
to  be  drawn  froui  this  is  opposed  to  the  opinion  before  expressed  (see 
foot-note,  page  373)  that*  there  is  veiry  little  segregation  of  tin  towards 
the  head  in  tihese  comparatively  small  chill  castings.  These  tests  for 
lia  rd  ness  show  rather  that  the  tin  does  rise  into  the  head,  bnt  in  nneqoal 
quantities. 

Chemical  analysis  should  undoubtedly  go  hand  in  hand  with  the  cast- 
ing of  these  gnns,  or  at  least  antil  the. law  of  sui>ply  of  tin  in  the  sink* 

ing  heads  as  aflilBOted  by  each  melting  or  remelting  is  well  determined* 

But  in  the  absence  of  that  we  n»:iv  from  the  foregoing  limited  olmerva- 
tions  draw  the  following  rule  for  prac^tiee:  In  u.sin<^'  old  bronze  (sinking 
heads,  &c.)  for  new  charges,  assume  that  for  each  melting  the  loss  of 
tin  is  given  by  one-fonrth  of  1  per  cent,  of  the  original  ingredient  of 
that  metal  contained  in  the  charge;  that  is,  if  the  original  charge  con- 
tained 9  percent,  of  tin  after  one  meltinj;,  the  sinkin^'^  head  will  con- 
tain 8.75  ]>('r  cent  nearly.  Jt  is  not  improbable,  however,  that  the 
continued  application  of  this  rule  would  eventually  introduce  too  large 
a  proportion  of  tin,  and  the  rule  stands  to  be  modified  by  future  expe- 
rienee. 

The  hardness  of  these  thirteen  test  pieces,  compared  with  the  densities 
determined  from  conti^mous  pieces  finrn  the  same  castings,  show,  with 
scarcely  an  exception,  that  this  property  of  bronze  increases  with  the 
density,  and  conhims  the  results  before  obtained  (see  Table  D.) 

THS  FiBINa  FBOOF. 

Each  gun  was  subjected  to  the  three  proof  rounds  prescribed,  "8 
ounces  Hazard  navy  cannon  powder  and  a  projectile  weighing  not  less 
than  18  pounds,''  with  the  trunnions  in  a  finished  condition,  the  exterior 
diameters  about  0.04  inch  over  tinished  size  and  the  bore  about  0.05 
inch  under  the  hnishc  il  size.  The  carriage  (see  pnjre  375)  us<'d  for 
the  proof  of  these  guns  weighed  96  pounds,  about  40  pounds  more  than 
the  weight  of  the  carriage  used  in  senrice,  and  was  roughly  ooostmoted* 
Owing  to  slight  variations  in  the  diameter  of  the  bores  in  their  unfinished 
state,  the  proof  projectiles  did  not  fit  all  of  them  air-tight;  in  some  oases 


« 
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the  play  amouuied  to  0.02  iucli,  in  otbers  there  was  au  air-tight  iit, 
whilsl;  the  remaiiider  were  intermediftte.  Uoder  these  eiroomBtaoees  it 
was  found  npon  inspection  after  the  inroof  that  none  of  the  goos  had 

HiifTered  any  i^nprociable  enlargonipnf  of  the  bore,  hut  thnX  tho  trtmuions 
ot  many  of  tlicm  were  slightly  bent  forward,  t he  maxiiuuui  lu  ndinir 
being  i'ouud  in  casting  No.  10,  where  it  amounted  to  O.OlU  inch,  meuKurcu 
at  the  oater  end  of  the  trannions  from  the  flute  of  a  square  resting  on 
the  plane  of  the  rimbase  against  the  base  of  the  trunnion.  For  the 
remainiiii:  <^\ms  this  bending:  \ras  limited  to  about  0.0!  inch  or  less. 
The  apparent  bendinpr,  as  measured,  was  intensified  by  the  fact  that 
the  rear  of  the  trunnions  was  slightly  compressed  in  recoiliug  against 
the  cap  squares  and  left  a  oorresponding  shoulder  at  tJie  bMO  of  the 
trunnion  against  which  the  square  abott^  in  taking  the  measorements. 
XJpon  the  whole  these  grinis,  aitliouj^h  fnlQlling  the  requirements  estab- 
lished by  the  Department  to  govern  tlieir  aeceptance,  based  upon  "the 
tensile  strength  and  other  physical  qualities  of  the  bronze  employi-d 
and  in  quality  of  workmanship  and  finish,"  were  considered  scarcely 
equal  to  those  made  under  the  previous  oontiaet.  Aooordingly  thai 
one  of  the  whole  lot,  casting  Ko.  10,*  which  exhibited  the  lowest  general 
average  of  phjsioal  qualities  was  selected  for  extreme  proot 

THE  l:;XTlii;M£  PBOOF, 

After  being  subjected  to  the  usual  proof  Uring  of  three  rounds,  the 

gun  was  entirely  finislied  and  the  flrinp  was  comraencM  with  the 
service  cliarjje  of  8  ounces  of  powder  and  a  i)rojeetile  weicrhing  18.5 
pounds,  which  fitted  the  bore  air-tight.  The  carriage  used  for  the 
ordinary  proof  of  the  guns  was  changed  to  conform  more  nearly  to. 
senrice  conditions.  It  was  reduced  in  weight  to  60  pounds,  and  the 
cap  squares  (or  seats  for  the  steel  rinpfs  nsed  over  the  trunnions)  were 
made  *'true"in  a  Intlie.  By  means  of  a  specially  constructed  caliper 
(the  bore  being  too  huiall  to  use  the  star  gauge),  fairly  accurate  meas* 
urements  of  the  successive  enlargements  of  the  bore  were  obtained; 
measurements  were  also  made  of  Sie  exterior  at  the  diameters  of  maxi- 
mum enlargement  for  the  chase  and  first  reinforce  (breech);  of  the 
distance  between  the  rimbascs,  hthI  of  the  bendin«]^  of  the  trunnions. 
The  record  of  the  extreme  proof  firing  is  given  in  the  folio wiug  table: 


*  Casting  Ko.  S  stood  below  ibiH  in  the         It*  tMt  gave  a  tenacity  of  aboat  9^000 

ponnds  ppT  fsqufin-  incb  or  000  n\(ni-  tlian  presonb* d  ;  >  nt  its  dt'tiHity  'wa^  vi'ry  low 
And  tbo  dufuriuuliun  of  its  tnuiuiuub  under  the  linug  j>itKit°  wait  marked.  It  was 
therefore  condemned,  against  the  repiMaDtetionB of  Uie  wmtnMtoifjf  for  "inftciordWK 
■itj  and  low  pJiytical  propertiflc'' 
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The  total  enlargement  of  the  bore  and  exterior  at  the  end  of  the  100 
lODuds  flied  with  the  serrice  charge  are  shown  in  Phite  V.  The  profile 
of  the  bore  is  a  sinuoas  line,  showing  two  plaoes  of  maximum  enlarge- 
ment, one  about  2  incbcH  in  front  of  tlio  vent  ;ind  within  tho  first  rein- 
force, theotbt  i  withii)  the  chas<e,  alioiit  tt  iticlies  from  the  muzzle,  the 
additional  streugili  tiiiurded  by  the  riiu  bases  giving  a  contracted  por- 
tioD  of  the  bore  within  them.  The  exterior  of  the  gan  showa  the  aame 
reanlts.  The  tronnions  behaved  remarkably  well.  After  the  100  serv- 
ice rounds  were  fired  tlie  total  "set"  was  0.0225  inch,  or  but  0.00.^5 
inch  more  than  at  the  coumieiH'oment  of  the  extreme  proof,  and  at  the 
conclusion  of  the  extreme  proof  the  total  forward  bending  was  lt»»s 
than  0.1  inch,  whilst  there  was  no  evidence  of  rupture.  The  vent  piece 
waa  broken  short  off  at  the  exterior  of  the  gun  at  the  19th  foond  by 
striking  against  a  pieo>e  of  iron  lying  in  the  sand  where  the  gun  recoiled. 

At  the  conclusion  of  the  proof  the  f^un  was  cut  in  two  throu^^^h  the 
first  reinforee  for  an  exaiuiuation  of  the  bore  and  vent  piece.  Other 
than  the  enlargement  of  the  metal  of  the  bore  it  gave  no  evidence  of 
roptnre.  It  was  considerably  scored,  probably  dne  in  part  to  the  re- 
peated of  proof  projectiles  taken  fifom  the  sand-batt  and  the  sand- 
ing of  the  mm  when  it  recoiled  (although  the  bore  and  projectiles  were 
wiped),  but  otherwise  it  appeared  sound,  and  proved  that  under  no 
conditions  of  service  could  a  dungerous  bursting  of  the  gun  be  antici- 
pated* Farther  than  thiS|  the  extreme  proof  showed  that  no  danger 
need  be  appfohended  in  a  continued  oae  of  these  guns  in  service,  even 
after  excessive  enlargements  of  the  bore  and  exterior,  for  this  relatively 
inferior  gun  remained  in  safe  eoiidition,  as  regards  bursting,  when  the 
bore  was  enlarged  from  2  5  to  2.70  iuches,  an  increase  of  one-quarter  of 
an  inch,  the  fliit  reinforce  from  5.5  to  5.74  inehes,  and  the  ehase,  ftt  4 
.inches  fiom  mozsle,  fi  om  4.5  to  4.615  inches.  How  far  this  enlarge- 
ment of  the  bore  would  a  fleet  the  flight  of  the  projectiles  could  not  be 
determined  with  the  means  at  hand.  Probably,  as  regards  the  accu- 
racy requireti  of  these  guns,  and  considering  their  short  ranges,  the 
efflsct  would  not  be  great ;  but,  with  the  enlargement  of  the  bore,  the 
force  of  the  projectile  would  undonbtedly  be  mnch  diminiahed,  owing 
to  the  escape  of  gas  around  it.  It  therefore  becomes  an  important 
matter  to  issue  these  fifni)s  for  aervi***'  in  such  a  <'ondition  that  IA«  6oiV 
toill  not  be  dimdvaHtagcousiy  enlarged  by  service  Jiring, 

It  is  well  known  that  mandreling  the  bore  has  been  resorted  to  in 
Other  cases  for  effecting  this  purpose.  It  is  also  well  known  thftt  the 
bore  of  a  bronze  gun  once  enlarged  by  a  given  charge  and  powder  press- 
•  nre  will  snlisftpieTitly  stanrl  a  number  of  rnufids,  with  r!ie  same  or  an 
inferior  pressni  witlitrnt  any  decided  eular^etneiit  ol  tlie  bore.  Indetnl 
this  is  believed  to  have  been  in  part  Captain  Lyle'^i  object  in  prescrib- 
ing that  his  guns  should  be  subjected  to  the  3  proof  rounds  with  a 
reduced  bore,  whereby  the  metal  around  the  bore  would  be  oondense<l, 
leavinjr  a  safe  marpfin  for  the  finishing  cut.  In  practice,  however,  this 
rt»sult  is  not  l)rought  about.  Of  the  135  guns  recently  <  oustructed  none 
fi^ave  a  decided  enlargement  of  the  bore  under  the  ordinary  proof^much 
less  any  approach  to  the  <<8et"  of  0.1  inch  developed  iti  the  bore  of 
(casting)  No.  10  under  the  first  three  rounds  to  which  it  was  subjected' 
in  the  state  of  a  finisljed  irnn.  But  after  this  first  enlarfjement  the 
maxinuini  increase  up  to  rounds  with  service  charges  \va«  but  0.013 
inches.  The  first  proof  (three  rounds)  of  this  gun  was  made  with  a 
oharL'O  of  S  ounces  of  powder  and  an  18-pound  projectile,  with  the  bore 
mches  diameter,  and  there  was  no  appreciable  enlargement.  The 
first  three  rounds  after  finishing^  osing  praotieally  the  same  ohaigei 
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^»ve  a  great  enlargement.  The  probable  main  cause  of  this  ditierence 
itt  due  to  tlie  difi'ereuce  of  the  lit  of  the  projectiles  in  the  two  cases.  In 
the  prdiniinary  proof  it  wm  •  dose  flt|  bot  not  qnite  air'tigbt,  as  in  the 
alter  proof,  and  tliia  ame  tnm  tiie  fact  tbat  tha  gun,  being  rough 
hoved  ^  for  the  preliminaKy  piool^  the  fit  of  the  prqjeotile  was  not  aoon* 
rate. 

These  facts  lead  to  the  foUowiug  reoommendatiuas  in  regard  to  the 
firing  proof  of  these  gana  In  fhtnie  oonatmetiona.  Bach  gun  shall, be 
proved  by  firing  three  rounds ;  for  the  flist  tworonnds  the  gun  shaU'be 

mounted  in  a  carriage  similar  to  tbe  service  pattern,  and  the  proof 
'  Irnvir**  shall  be  8  ounces  of  Ha?::ard  navy  cannon  powder,  or  a  finer 
Kiiuned  powder  matle  by  the  same  lirm,  or  another  to  be  ain^ed  upon 
by  tbe  contracting  parties,  and  a  cylindrical  bolt  or  projectile  to  weigh 
not  less  than  18  ^ands.  For  the  third  ronnd  the  gun  shall  be  moontod 
in  a  cradle  (the  trunnioaa  flree),  and  the  proof  charge  rli  ill  12oances 
of  the  same  powder,  and  a  similar  projectile.  •  •  *  I  lie  powder 
proof  sliall  be  ai)])lied  before  ''flnishinff  reamin<^,'"'  the  diameter  of  tbe 
bore  for  the  proof  to  be  2.3  inches,  and  the  proof  projectile  muat  be 
made  to  fit  the  bore  air-tight  preliminary  to  the  first  proof  round. 

The  punxxrt  of  this  leoommendation  is  to  sntrlect  the  bore  to  at  least 
as  ;:reat  a  powder  pressnre  as  it  will  filterwards  receive  in  service.  The 
tir;t  two  ron?ids  with  senice  conditions,  inclndiTJL'^  nn  air  tijjfht  ])roject- 
ile,  may  ellect  that  object,  and  at^the  same  tune  will  sutticiently  test 
the  strength  of  the  Jinitfhed  trunnions.  But  if  the  first  two  rounds  do 
not  oompress  the  bore*  the  third  and  heavier  ronnd  fired  from  a  cradle 
will  probably  do  it^  and  will  ottierwise  certainly  produce  a  powder  press* 
ure  greater  than  to  be  afterwards  had  in  service.  From  tlie  fact  that 
the  trunnions  are  in  a  finished  8tat<'  this  j)roof,  and  that  they  are  al- 
ready about  the  minimum  size,  consistent  with  safety,  it  is  (Considered 
that  they  should  not  be  subjccte<l  to  tbe  heavy  proof  round  which  is 
intended  only  to  insnxe  a  proi)er  oondensation  of  the  melal  aronnd  the 
bore.  The  two  lighter  charges  are  given  first,  so  aa  to  prepare  llie  gun 
for  the  heavier  eharf:e  and  not  subject  the  metal  suddenly  to  an  excess- 
ive strain,  the  ill  efi'ectn  of  which  are  shown  in  Lieut<*nant  Whipple's 
report  (see  pages  277  and  278,  report  of  the  Chief  of  Orduanc6|  U.  S.  A., 

FBOJBOnXJES. 

In  makin<r  th*^  ])r()i(  ctiles  nixler  this  eontraet  there  was  no  c  hange 
from  previous  mi  tlKuis  except  in  regard  to  the  projectile  "shiuiks.'' 
These  had  been  ro  u  ^  h  sh  aped  in  a  die.  In  this  instanoe  th  ey  were  made 
from  a  fine  quality  of  Ulster  ronnd  bar-iron.  The  bars  were  received 
l.lli.j  inches  in  diameter,  and  cut  into  lengths  of -1.125  inches.  Tlie  cen- 
tral portion  of  these  ]tnij:^ths  was  then  for^^cd  and  (]rawn  ont  nearly  to 
liuiiihed  size  to  form  the  nock  of  the  shank,  the  two  ends  being  left 
rough  to  tinish  for  the  head  (or  eye)  and  threaded  portion.  The  eve 
and  was  first  tamed  to  the  shape  oif  a  sphere  joined  to  the  end  of  the 
stem ;  nezt|  two  sides  of  the  sphere  were  removed  together  by  milling  to 
leave  the  proper  "  thickness  at  eye}"  finally,  the  eye-hole  was  drilled, 
chamtered,  and  otherwise  finished. 

ADDSKDA. 

Chemical  analytti^  oj  aample*  {contract  oj  iMotmb^r  14, 

At  the  close  of  writing  this  report  there  come  to  hand  the  results  of 
a  ohemical  analysis  of  10  samples,  made  by  Captain  Pitman,  United 
6191  o&D— 26 
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States  OrcUiauue,  tukeu  from  the  10  specimen  pieoee  sent  to  Watertown 
Arsenal  te  test  j»  Biminiary  of  the  ni6diani<»il  tests  is  given  in  Table 
B,  and  tiie  indmatial  records  are  appended). 

T!ies6  results  are.  hig:bly  interest! njx  and  important.  The  samples 
pertain  to  the  lower  portions  of  the  sinking  heads,  between  the  nnizzle 
of  the  gun  pi'opcr  and  about  6  inches  upwards  (the  gunn  being  cast 
mnzzle  up).  The  following  table  gives  the  results  obtained  by  the 
analysis  and  for  comparison  the  peroentage  of  tin  esthnated  to  be  la 
the  ofawge  at  the  time  of  oestiiig. 

Tablk  H. 

  i 


Loot  or  1 

jMAOd  in 

CMtlag,  nmnber  of  Munple. 

Copptr. 

Coppor. 

Ooppor. 

Tla. 

Per  cenL 

PmremL 

Ptr  cenL 

Pmr 

tmt. 

90.71 

9.14 

9L17 

-0.46 

^+?tl 

•1.83 

8.94 

9L  19 

&81 

-M>.14 

-9.17 

•1.44 

&48 

9L47 

8.S8 

-0.02 

•1.67 

8.43 

9LS9 

&81 

+0.18 

-4  It 

91.64 

8.40 

91.48 

a54 

+0.18 

«LM 

&39 

8L48 

&ftA 

- 

hO.18 

•LB 

an 

•L89 

a99 

•0.83 

•Lit 

ai» 

11.  «r 

an 

- 

■a  83 

-an 

n.11 

an 

•L«r 

an 

— 

-0.84 

n.n 

7.  It 

•L4T 

&8i 

-0.27 

-•Ltf 

9Lm 

1 

8.898 

9JL876 

&M8 

+ai8 

-am 

There  is  an  average  relative  gain  of  0.12  per  cent  of  copper  and  rel- 
ttllTe  loss  of  0.1S  per  oetit.  of  tin.  The  tests  bemf  made  from  nnmbsts 

of  the  eastings  taken  at  random  through  tbs  whcue  Nst,  attest  the  a» 
COracy  with  which  the  original  charges  were  apportionefl ;  they  also  show 
that  the  relative  lo.«?s  of  tin  in  the  meltinjr  ns  poikIik  t(>(i  was  a  small  and 
nearly  constant  quantity.  The  higher  numbers  show  an  increase  in  this 
loss,  for  the  bronze  nsed  in  thehreharges  (40  to  4ff  per  cent,  of  the  charge) 
had  been  one  or  more  times  remelted. 

IS^ot  less  important  is  that  phase  of  these  results  which  shows  the 
effect  of  the  (tctual  percentiige  nf  tin  present  upon  the  physical  quali- 
ties of  the  metal.  The  samples  used  for  the  preceding  analysis  were 
taken  from  the  same  castings  and  identically  placed  with  the  tensile 
test  pieces,  the  physical  qQUities  of  which  are  giyen  in  Table  D.  We 
are  thus  able  to  judge  oi  the  precise  effect  of  tin  upon  the  physical 
qualities.  The  besst  results  were  obtained  from  No.  33,  containing  8.64 
per  cent,  of  tin,  whilst  Ko.  00.  containing  but  7.1C>  per  cent,  of  tin,  is 
nearly  equal  to  the  best.  No.  27,  containing  the  highest  percentage  of 
tin  (9.14),  is  near  the  Ibot  of  the  list 

OOnOLUBIONB. 

The  results  of  tiie  chemical  analyses,  aKAongh  limited  In  nnmber  an4 
scope,  relative  to  the  reqairenients  of  the  manufacture,  yet  do  iK^t  0OA« 
flict  with  the  rule  given,  page  397,  to  the  effect  that  the  bronze  from  the 
first  melting  of  a  given  charge  may  be  taken  to  contain  one-fourth  <rf 
one  per  cent.  less  tin  thau  was  contained  in  the  original  charge. 

Also  having  due  regard  for  the  behavior  of  the  guns  herein  described 
under  the  firing  proof,  the  precise  results  of  the  analysis  of  pieces  tasted 
for  physical  qiiautiesi  and  giving  doe  weight  to  the  well^knojm  fiuit  that 
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the  bartlneds  of  bronze  increa^i^  with  the  proportion  of  tin  pretsent, 
tbeie  appeus  no  veMon  to  modify  tbe  ooodasioii  previously  given  that 
the  ^epoitMnui  wppv  91  per  cent,  tin  0  per  oent»y  vepreeent  tlie  best 
for  nae  as  tbeie  gone  are  now  made. 


SMPORT  OF  MECHANICAL  TESTS,  MADE  WITH  THE  UNITED  STATES 

TESTIXn  MACHINE,  CJPACirr,  r^CMj.OOO  POrXDS,  AT  WATEBTOWN  AliSE- 
NAL,  MASSACHUSETTS,  FOE  THE  ORDNANCE  DEPARTMENT,  U,  8,  ARMY, 


BT  TBNBIOir;  XKN   BRONZE  BVWXOtMBB  FBOX  WV8T 

FOUIIDBT. 


pom 


March  2^,  1884. 
So.  181. 


Pound*. 

500 
1.  000 
l.SOO 
2,000 
2,500 
3,000 
8.500 
4,000 
4,500 
5,000 

e;oM 

6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 
10,600 
11,000 

11,  f.00 

12,  000 
I'.',  500 
13,000 
18,500 
14,000 
14,  MM 

ir.,  i>oo 
ir>.  500 

18,000 


Per 
•qo&re 


Hive  »'1<»I> 


Pound*. 

1,000 

2,  000 

3,  000 

4,  l>00 
5,000 
6,000 
7.000 
8,000 
0.000 

10,000 
11.000 
11,000 
13,000 
14,000 
15,000 
16.000 
17.000 
18,000 
19,000 
20.000 
21.000 
22,000 

I'M,  IK»0 
24,  CK)0 

2:..  000 
2d,  UOO 
27.000 

2«,  OOO 
20,  lK)0 
30,  000 

82,000 


Inch. 

0. 

.  ooooTr) 
.000160 
.000200 
.000250 
.000300 
.000375 
.000475 
.0(KU75 

.ooom 

.OOOBM 

.  0OOfl2S 
.000750 
.000600 
.000060 
.001200 
.001475 

.ooms 

.002925 
.004725 

.01402r. 
.  011(700 

.  o2">ir»o 
.  (v.^m 

. 

.050225 

.  WW??.". 
.  Ofl77r  '> 
. 077400 
.  0875 
.1000 


.  0OOO75 
.000075 
.000050 
.000050 
.0000.10 
.000<l76 
.000100 
0. 

.006050 


SllcCl'H- 

r<-nnii  -  i  fl  per- 
n«Dt  M>t.  oiiuieDl 


.ooew 


.000150 


.000275 
.000500 
.000950 
.001800 
.003200 
.007000 
. 004775 
.00^150 
.006625 
.008000  i 
.  0u77.*-O 
.  00K5O0  j 

.  0<  10673 
. 0101  I 
.0123  I 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

ft. 
(k 
a 

0. 

.000075 

.000225 
.000425 
.000800 
.001750 
.003525 
.  006775 
.  Oi:)475 
.  01^^075 
.  02<'i-.'25 
.  032f.25 
. 040375 
.047975 
.050425 
.065225 
.0745^ 


iBitfiaiood. 


.000075 
.000150 
.000200 
.000875 

, 000950 
. 001775 
. 003250 
.  000700 
.  0046<H1 
.  m»lM 
.006400 
.007750 

.  oo7(;oo 
.  (iom".o 

.  OO.^XoO 
.OOKMW 


Micrometer 


re- 
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XotaL 


17,000 
17,500 

18,000 

Vr.  r>oo 

19.  IM)0 
lU,  500 
•20,000 

20,  500 
21,000 
SI.  600 

fl;ooo 


EloQg»- 

tioQ  p«r 
inoo. 


 r 

Saccm- 


34,000 

35,  000 

ooo 
;t7. 000 
wo 

.'{'J,  000 
40,  OOO 
41,000 
42,000 
43,000  f 
44,000  1 
44. 110 


Inch. 
.1250 
.  1375 
.  1500 
.1650 
.1800 
.2000 
.2175 
.2400 
.2600 
.2875 
.8200 


Jnek. 
.0125 
.  0125 
.0125 
.0150 
.0150 
.0200 
.0175 
.0225 
.0200 
.0276 
.(026 


•iveper- 

Inch. 

Inch. 

1 

lUoncafcion  of  iacb  seotioiu : 


.36  inch  (.41  inch  fractured  Motion),  .U.  inoh,  .26  iaoi. 
aSHBKAL  8DK1CABT. 


8p&clflo  gravity  ••••>■•««• 

IlarducrtH   

T(MiHilt>  Htri'D^tb  per  m]uiiro  inch  of  original  seotioo.. 
KtMtir  limit  per  aniiare  inch  of  origiiiMMOIlMI«*. ••••••••••••< 

Elougatioa  per  incii  after  rupture  

Kloa^atlon  per  iacb  under  Htrain  at  ela«tio  limit  .............................4o. 

Redaotion  in  dijunetor  at  point  of  raptuze  (approxiiDnta).  do 

Bedootion  in  area  altar  nqvlDn»  par  OMtui  woiiiritatl  mMaa  

MtkNi  «r  raptora  1| 

....light  yaUow,  natfina  €«lor. 


&eM7 

5.12 
44, 100 
14.000 
0.83 
.000800 
.148 
34.« 


iptara.. 


No.  149. 


[MaKkaoBlMr,40t 


;.7Mfaioht  ■optional 


AppliedMk 

Elouga- 
Imbt 

1 

Snccea- 
sive  elou- 

uatioD 
per  inch. 

TotaL 

Per 

Pmmds. 

Povnd*. 

Ineh. 

Inch. 

Jnek. 

500 

1.000 

0. 

0. 

1.000 

2,000 

.000075 

.000075 

0. 

1,500 

8,000 

.000100 

.000025 

0. 

2,000 

4,000 

.000160 

.000050 

0. 

2,500 

6,000 

.000885 

.000075 

0. 

8,000 

6^000 

.000875 

.000060 

0. 

8,600 

7,000 

.00OB86 

.000050 

0. 

4,000 

8^000 

.000875 

.000050 

01 

4,600 

0,000 

.000050 

6^000 

10,000 

.OMgO 

■  OMWft 

A 

5b  800 

11,000 

■ 

a 

11 000 

12,000 

• 0088C8 

61500 

13,000 

ft 

7,000 

14,000 

.OOOtffi 

!oooooo 

0. 

7,500 
1^000 

l&bOOO 

.OOOMB 

.000150 

.000075 

10,000 

.000900 

.000075 

.000125 

Ik  Mi 

17,000 

.oouoo 

.000800 

.000860 

1  t.OOl 

M.MO 

.onMO 

«otiro 

Rucces- 
Bive  per- 
manent 
set. 


.000075 
.000050 
.000185 
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JLppUedkMda. 


ToUl. 


Per 
•9 


Pounds. 
9,500 
10,000 
10,500 
11,000 
11,500 
13.000 
IS.  500 
18,000 
1S,SOO 
14^000 
14,100 
15,000 
15,500 
10,000 
10,500 
17.000 
17.600 
JI^OOO 
18,500 
19,000 
19,500 
20,  GOO 
20,  500 
21,000 
21.500 
'JJ.  Olio 
22,  500 
23,000 
23,500 
24,000 
24.600 
U.00O 
»^600 


Inch. 

.  001575 

.002100 

.003800 

.005325 

.010100 

.014250 

.010525 


,  8aoees 
•It«  elon- 
gation 
per  inch. 


Inch. 

.000275 

.000525 

.001700 

.  001525 

.004775 

.004150 

.005275 


Vntam- 


Inch. 
.000000 
.001125 
.002850 
.004400 
.008000 
.018050 
.018100 
.024329 


Inch. 
.000225 

.000525 
.001725 
.001550 
.004.V10 
.004150 
.005060 


19.000 
20,000 
21,000 
22.000 
23.000 
24,000 
25^000 
28^000 

r.ooo 
Ml  000 

»;000 
80,000 
81,000 

82,000 
83.000 
84,000 
85.000 
30,000 
37,000 
38,000 
39.000 
40,  000 
41,000 
42,0)0 
43,000 
44,000 
4.''.,  (KK) 
4«,  000 
47,  000 
48.000 
49.000 
50,000 
81,000 

Sim 


Slongatioiiof  looh  aeotioaa :  (.64  inoh  Ccaoiared  Metlon),  .46  inch,  .43  inch  .48 


Sacc«e- 
kiTe  per- 
maoeot 


Specific  gz»TiW   I.atl8 

HardneM  ^   7.18 

ToiMlleiAmiRthperiqamiMhof  orictaMdiMtkMi............  poamda..  St,ll8 

SMMeUmitperMoaraliMhoroilglairMOtleB  „  Hr~ 

ifeigolloB ^ tort mST*7lH5n%'nlVtWo  IImIV * *  te^** 

ImmOit ot point  of  myOOM  OHMloSiBMAil  ••«*>*«>B»fM*»»«<»a«a*»«»>40.««> 

.  M»allorroptare,  per onlu off  oi||{|iiil Motion......  

of  rsptore  1.8  inohcn  Tnm  1  , 

!of  MokMi  wirfiMM  nniform  ttmctore,  light  yellow  oolo>» 


Digitized  by  Google 


BEPOBT  OF  THB  CHIEF  OF  OBDHAKC& 


Ho.  150. 


K. 


f  UmIm  mi  btr,  VSi 


Per 
Muare 
Inch. 


I'l  on  na- 
tion per 


Sacc««- 
•ivo  elon 


I  Snoees- 


J'uii  tidji 

Inch. 

J  flCf».  1 

500 

1,  000 

1,  090 

2, 000 

1,600 

3,  000 

2.  000 

4, 000 

1**1)0 

2.  500 

5,  000 

i\i  h  >l  1  'ill 

3.  000 

6.  CKM.) 

3,  500 

7,  iioo 

•  WV1.W 

4,000 

b,  000 

OOU.'lOO 

4, 500 

9,  000 

000&25 

5,  000 

10,  000 

000000 

5,600 

11,  000 

000700 

6,000 

12,  000 

000750 

A.  600 

13,  000 

000850 

7,000 

14, 000 

7.500 

15]  000 

.  MIOSft 

Ifi.  000 

. 001175 

. UU19oU 

0001.50 

ss 

17,000 

/MAI 

•  000175 

10,  OW 

lull  KCil 

. 001550 

.  000200 

0,500 

10,000 

.001850 

.000300 

10,000 

20,000 

.  n<i22.'0 

.  000400 

10,500 

21,000 

.  oua575 

11.000 

22,000 

.003875 

.001050 

11,500 

23.000 

.005050 

.001175 

12,000 

24, 00") 

. 007025 

.0(il!»7.'i 

12,500 

25, 000 

.  000825 

. 0O2KO0 

13,000 

2ij.  000 

.  .012T.>0 

.  002;i2,'i 

13  .  500 

27.  0(Mi 

.  014  5 '.0 

. OOlhOO  ' 

14, 

28,  OiM) 

.  OlH.'HIi) 

.  l)04i<.''0 

14,  500 

29,  000 

.  024125 

.004825  I 

lo.  000 

30,  (too 

.  o:toooo 

.005875  1 

i.-i,  r»oo 

31.  000 

.  03. 'fl 

.0050 

10,  m) 

32,  OOil 

.  0400 

.OO.jO 

16,  ^00 

33,000 

.0460 

.0050 

17,  000 

84,000 

.  om 

.0125 

17,500 

35,000 

.0625 

.0060 

18,000 

'  36,000 

.0700 

.0098 

18,500 

37,000 

■Q800 

.OIM 

19,000 

38,00C 

.0838 

.QOTS 

i9,W 

39,000 

.1000 

.0125 

W.O0O 

40.000 

.1125 

.0125 

20,500 

41,000 

.  1200 

.0076 

21.000 

42,  000 

.  1325 

.0125 

21.  500 

48, 000 

.  l.'ioo 

.  0175 

'22,  000 

44.000 

.  1600 

.OIUO 

22.  WW 

45,000 

.1826 

.0225 

23,  000 

4fl,  000 

.2000 

.0175 

2a,  5<>0 

47,  ()<>0 

.2200 

.0200 

24,000 

4K,  000 

.2450 

.0250 

24,600 

4n,  000 

.2750 

.0300 

25,000 

'lO,  000 

.M76 

.0326 

•2:>,  r.o() 

51,  (HIO 

.0100 

25,700 

51, 400 

I 


Inch. 
0. 

a 

0. 
0. 

.000025 
.000025 
.000025 
.  00a025 
.000025 
.000025 
.000075 
.000100 


.000826 

.006800 
.000400 

.  OIH1.V2.5 
.  0007M 
.001025 
.  001650 
.002750 
.003775 
.  00,5750 
.008400 
.011175 
.  013O25 
.  017hi,)0 


.000025 
0. 
D. 
0. 
0. 
0. 

.000050 
.000025 
.806050 


.060028 
.008075 
.000100 

.000125 
.000225 

. 000275 

.0011(10 
.  oolo2.'> 
.  00 1 ^75 
.  Ii02fi.'»0 
. 00277j 
.001650 
.004776 
.004375 


Kem»rks. 


Initial  load. 


SUntieliBtL 


Micnnofstcc 
morad. 


Ultiinatf^  streagtb. 


EloDgntiuu  of  ttieh  avctioun :  (.41  iaeh  fractured  section),  .35  inch,  .84  lOAk,  M  Inoli. 
The  Rtt'ni  preserred  ita  ('.vliiulrical  form  diiriotfthetCN^BPtdnkim 
totflMOt  obanwtoitetlo  of  the  wore  daotUe  iipowBi 
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fESffiSir!!!^^:::::::::::::::::::::::::::::::::::::::::^^  IT 


rreia»tl«  Ktraagtlt  p«r  avum  iaoli  of  oriftiwl  Mettoa  ponnds. .     BU  400 

KUMt^o  limit  pnr  aaaim  fnob  of  original  Motion  do. . 10, 000 

Blongatioii  per  Inrh  after  rupture    inch..  0.857 

KlonKa^ion  p«r  inch  uuilcr  Htrnin  nt  elMtic  limit    do  000000 

"Ke<tuct.ion  in  diameter  at  poiut  of  iiiiilnre    do  138 

l^txlnction  in  area  aft«r  rupture,  per  ceiituiu  of  orijjinal  (♦oction   82. 0, 

l:*ositi«>ii  of  nijitiire       one-half  inch  from  neok. 

OluunMii^r  of  broken  lurlaoe  jcllowi><ti  ^ray.  Surface  cracka doveloped  along  the  atMn. 


No.  151. 


[MariuonlNHrtTi 


■,.798iaalit 


Jtavumiaalb] 


Applied  loikdii. 


Hotel. 


I,  000 

s,soo 

3.O0O 

3.600 

4.000 
4,500 
5,  000 
6.500 
6.000 
6,500 
7,000 
7,500 
8,  0(1(1 
8,500 
9,000 
0,500 
10,000 
10.  500 

II,  000 
11,600 
12,000 
12,500 
18,000 
13.500 
14,000 
14.500 
15.000 

15.  500 

16,  000 
16.  500 
17.000 
17,500 
18,000 
18,500 
19.  000 

10.  m> 

(100 

■JO,  :>\M 
■J  1 ,  (too 

21. 

22.000 
22.500 
23,000 
28,800 

Hooo 

K800 

25,000 
28.480 


IVr 
iucb. 


1,000 
8,000 

8,000 
4,000 
6,000 
0.000 
7.000 
8,000 
9.000 
lO,  (K)0 
.  11.000 
12,000 
13,000 
14,000 
15,  000 
10.  0(tO 
17,  (too 
18,000 
19,000 
20.  yOO 
21,000 
22,000 
23,000 
24,000 
26^000  . 
20,000^ 
27.000 
28.000 
29,000 
80.000 
81,000 
82,000 
33,000 
34,000 
3f>,  WH) 
3«.  (too 
37.  OOO 
3«.  000 

39.  (  NX) 
40,000 
41,000 
42,  (100 

4:.f,  000 
44.  000 
45.000 

40,  too 

48,000 
40,000 

60,000 
50.080 


1 

Elonga- 
tion per 
iDd» 

1 

Saccea* 
aive  elon* 

fpiOloB 
ptit  ineh. 

Jtuh, 

 . 

.008000 

.000000 
•OOOOVO 

.OOOifC 

.000175 

.000090 

.000260 

.000075 

.000275 

.000089 

.000325 

.000060 

.  001 '375 

.000050 

.  000450 

.000075 

.  000500 

.000050 

.000550 

.000050 

.  000625 

.  000075 

.000700 

.000075 

.000775 

.000075 

.  0(K>875 

.000100 

.  001025 

.  000150 

.  001250 

. 000225 

.  001500 

.  000250 

.001800 

.  000300 

.  002525 

.000725 

.  003950 

.  001425 

.006275 

.  002325 

.010050 

.003775 

. 014075 

.004925 

.02005 

.005550 

.020478 

.005060 

.00&&50 

!040088 

.047275 

.008000 

.007280 

.065525 

.008250 

.0050 

.000475 

.0725 

.0075 

.0800 

.0075 

.0025 

.0125 

.  1025 

.0100 

.  1125 

.0100 

.  1250 

.0125 

.1375 

.0125 

.  1525 

.  0150 

.  1650 

.0125 

.  1K25 

.0175 

.2000 

.0175 

.  'J  200 

.0200 

.  2:t75 

.0175 

.  2tj25 

.0250 

.2860 

.0175 

.0196 

.0275 

,9m 

.lOVS 

0360 

!oioo 

.4875 

.0000 

0. 
Oi 
9. 
«. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. 000025 
.  0<Mi07.''> 

.  I>IIO'.'UO 
.  (MMiaOO 
.  00(».'.25 
.  000875 
.  001550 

.  o(i:io.')0 

.  0U.'.225 
.006950 
.  013750 
.010025 
.025025 


Sacoea- 
aire  per* 
nuuMAt 
aeC 


.046525 
.069485 


.  000025 
. 000050 
.  0()012.J 
.  IHHJIOO 
. 000225 
.000350 
.  OuOOTO 
.001500 
.  002175 
.003725 
.004800 
.005275 
.006000 


.007800 
.007900 


Bemarka. 


Slaatio  limit. 


Micrometer  re* 


intimate  atrength. 


Elongation  of  iaob  aeotiooa :  .58  iaoK  -49  iuoh  (.90  inoh  fractured  aecUooJ,  .40  iaeh. 
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>  gnTitj........  •   &  82U 

llLMt 

at«lMltoIlail. 

 'Mpoint  of  niptora.. ...... 

iin«MftaflBr  Tapturr,  p^roobtai        ^  - 

Foaltioa  of  rupture   2  inobm  1 

OiMftctor of  broken  MirfiKM  light  jeUoir  eotowd,  interaperMd  with  snudl  •pota  of  dark  ydOtm 


Tensile  Strength  per  squMinek  of  «cf|laMl 
ElMtic  limit  per  eauAre  la«h  «f  oriidnMlMI 
JUoag»tion  per  imok 


Ko.  152. 


IK 


SI 


I 


(.lljrke  on  bar,  38;  diameter,  .708  inch  i  aectional  area  .50  aqoare  inch.  J 


Applied  Ma. 


ToUl. 


P.r 


Sfamga- 
tionper 
inch. 


I 


Snccen- 
hive  floD- 


gatum     o««|  et. 

p«r  inch. 


Succes- 
Purma*  '.  sive  per- 


Potinda. 

Pound*. 

Ineh. 

boo 

1.000 

0. 

1,000 

2,000 

.000025 

1,500 

3,  000 

.000075 

2,000 

4,  OIK) 

.000125 

2,500 

5,  OOO 

.000175 

3,000 

6.000 

.000225 

3,500 

7,000 

.000250 

4.000 

8.000 

.000300 

4,500 

9,000 

.000880 

6,Wt 

10,000 

.OOlrlOO 

1^800 
fl^MO 

11.000 

.000480 

U,000 

.000525 

9,eM 

11.000 

.000600 

7,000 

14.000 

.000660 

7.800 

15.000 

.000725 

8,000 

10.000 

.000625 

8.500 

17,000 

.001000 

0.000 

18.000 

.001125 

0,600 

19,000 

.001825 

10,000 

20,000 

.001685 

10,500 

21,000 

.002275 

11,000 

22,000 

.003475 

11,500 

23.000 

.005H25 

12.000 

24,000 

.  010250 

12,500 

25.000 

.014200 

13.000 

20.000 

.020000 

13,500 

1.'7.  000 

.  025«r.<) 

14,000 

28.000 

.  032375 

14,500 

29,000 

.040250 

1&.000 

30,000 

.  04«.''iO0 

15.500 

31.000 

.0550 

1*5.  (too 

3-J.  000 

.0675 

16.  5tM) 

3:<,  000 

.  07:)O 

17.000 

34,000 

.0850 

17.500 

35,000 

.0950 

IH.  OOO 

36,000 

.1030 

18,  .VM) 

37.  (KK) 

.1175 

19.  01  HI 

i:-.  iHio 

.1800 

19,  50U 

i«iO 

.1450 

20.000 

4i),  <iuo 

1550 

20,  500 

41,000 

.1725 

21.000 

42,  000 

.1875 

a^.soo 

43,000 

.2050 

22.000 

44,000 

.2250 

S2»A0O 

4fib000 

.2425 

.006160 
.OOOflVi 


.666111 


.000800 
.000550 
. 001200 
.002350 
.004425 
.003950 
.005800 
.  m5050 
.  006425 
.  007875 
.  OOfriiiO 
.  0f»*5 
.012.'") 
.0075 
.0100 
.0100 
.0100 
.0125 
.  0125 
.  01.W 

.oluo 
.0175 
.0150 
.0175 
.  0200 
.0175 


Inch. 

.  00002.5 
.  000 U5u 
.  OOOO-^O 
.  WI0050 
.0001)50 
.  000025 
.000060 
.000050 
.000050 
.000060 
.000075 


Inch. 
0. 

0. 
0. 
0. 
0. 

0. 
0. 

-.0  0025 

-.000025  : 

-.  000025 
-.000025 
-.000085 


lu  output 
•et. 


6L 
6l 


.660160 
.066170 


.000575 
.001250 
.002425 
.00M75 


.000025 
0. 

a 

0. 

0. 
0. 


.666670 


.012800 

.018450  ; 
.  024400 

.0.'iM25 
.044500 


.666110 

.000275 
.000075 
.001175 
.002250 
.004375 
.003750 
.0056.50 
. 005950 
. 000225 
.007000 
.000075 


ka. 


Inltieilead. 


Hicromoter 
moTed. 
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Per 

Tool 

•qoftre 

Inch. 

Pounds. 

Pound*.  \ 

23,000 

46,000 

23,500 

47,  (KK) 

24.000 

4H,000 

24.500 

49,000 

25.000 

50,000 

25,500 

51,000  , 

fi^OOO 

Elon  (ra- 
tion per 


Inek. 

.2650 
.•2<»50 
.  3125 
.3450 
.8850 
.4250 
.487S 


Saoor*-  I  Sncc«s- 

•iveelon-    Ponna     niv©  per- 
gktion    iMut  net  maoeot 


.0225 
.0300 
.0175 
.  03'25 
.0400 
.0400 
.0726 


lofiBohMotteM:  .M.tiidl,.4»iiidh(.«llMhlkMtendM0ti^  ' 

eXBXRAL  CUMKlXr. 

fltoeelllo  gravity   8. 8(04 

HardnMa   (J.  18 

Tenailv  Mtronj.'th  per  H<|uure  inch  of  ori;_'iiiiil  acction  poanda. .       52, 100 

Klafltic  liniil  \)vr  mnturv  inrli  of  or  hi  ction  do....       15,  000 

Elouffatioii  jitT  ini  ti  iUt<T  rniituro   inch..    0.  512 

Kloii^atioii  p»T  iiuli  uiidcr  Hiiain  at  thifitif  limit  do  ...  .000725 

Ktdui  tinti  in  iti;iii)i-tfr  at  puiiit  uf  niptuiv  ....do....  .198 

Kfduction  iu  area  ufier  rui)ture,  per  ceQtain  of  original  auction   44.  • 

Position  of  rupture    ..i. ........  one-half  incli  frotn  iiii<l(lle  of  stem. 

Character  of  broken  surface  oiiiform  atraotare,  light  yellow  goUnc: 


^o.  153. 


r-1 


[Marks  on  bar,  47  {  diametar,  .786  taehi  aeotioaal  area,  .M  •vnn  iaoh.] 


Applied  loada. 


Elonga- 
tion per 
iooo. 


Succes* 
nivc  eloV' 
i  gallon 
I  perineh. 


•tvapn^ 


Fumndt. 

Pound*. 

Inch. 

Inch. 

Inch.  1 

500 

1,000 

0. 

0.  I 

1,000 

2,  000 

.000050 

.  O000.'>0 

0. 

1,500 

3,  000 

.  000075 

.  00iK)25 

0. 

2,000 

4,000 

.000125 

.  0(K>050 

0. 

2.500 

5,0<H) 

.  000250 

.000125 

0. 

3,000 

6,000 

.  000300 

. 000050 

0. 

3,500 

7,000 

.  OOOS.'tO 

.  ooio.'o 

0. 

4,  000 

8.000 

.  000450 

.  {H  IIKKJ 

,  ()Mio'j:> 

4,500 

9.000 

.  OOO.'iOO 

.  (H»UO.".0 

.  0OtKi2.'»  1 

5,000 

10,  000 

.  O00.'>50 

.0(K)050 

.  000025  ' 

5.  500 

11,000 

.  000675 

.  000125 

.001X125  ' 

6,000 

12.000 

.  000725 

.  oooorn) 

.  (KKKt.'.il 

0,600 

13,000 

.000775 

.000050 

.  0(J(K).'>U 

7,000 

14.000 

.000900 

.000125 

.000100 

7.500 

15,000 

.001025 

. 000125 

.000175 

8,  000 

16,000 

.001175 

.000150 

.000275 

8,500 

17,000 

.  001525 

.000350 

.  000625 

8,000 

18,000 

.  001800 

. 000275 

.000776 

9,500 

19,  000 

.002575 

.  000775 

.  001475 

10,000 

20,000 

.  004025 

.  OOH.'jO 

.  0O2J>25 

.ooa»6 

.0U22UO 

.00497ft 

.00i775  • 

.Mm ! 

Inch. 


000026 
0. 
0. 
0. 

.  OOOd'J.') 

0. 


£laatio  limit. 
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TotaL 


II,  000 
IS,  000 
12,500 
U,000 
18,600 
14,000 
14.500 
15,000 
15,500 
18,000 
10.500 
17.000 
17,500 
18.000 

18.  r.mi 

19.  (100 

III,  :<w 

20.  OOO 
20.500 
21,000 

21.  500 
32,000 


Per 
square 
inch. 


23.000 
24,000 

2ft,  000 
26,000 
27.000 
28.000 
20,000 
80.000 
31.000 
32.000 
33,000 
84,000 

35.  000 

36.  000 

37.  000 

38.  000 

:i9, 000 

40,  000 
41.000 
42,000 
43,  000 
44,000 
««.7W 


.042BS5 

.0fi2S2S. 

.068525 

.068776 

.0660 

.0025 

.1000 

.1150 

.1275 

.  1425 

.  xr^M 
.  iT2:> 
.i»;5 

.2075 
.2275 
.2.'>00 
.2725 
.8075 


Jnek, 


.00079 
.000195 

.000125 

.010000 

.000800 

.011250 

.015225 

.0075 

.0075 

.0150 

.  0125 

.01,'iO 

.0125 

.0175 

.0150 

.0200 

.  0275 

.0225 

.0225 

.0350 


Sacces- 
Perma-    siv©  p«r- 
n«ot  set  maaaot 


Inek. 

.018085 

.010775 


.000200 
.007200 


Jnek. 


Elongation  of  Inoh  aeoliona:  .'<t9  mch.  .31  inch,  .32  inch,  .30  incii. 

OSNKRAL  SUMMARY. 

flpeetflo  grsvity   & 

HnrdoMi   5. 

Tensile  strength  p«r  nqnare  inch  of  oriKinal  section  pounds . .      44,  TOO 

Blastic  limit  per  saiiare  inch  of  oriKinel  section  do   13,  001 

Elonfcstion  per  inch  aft  it  rupture  inch. .   0.  82 

Elonn^tion  pit  iin  b  uudtr  Mtniiri  at  elastic  limit   do   .  00077S 

Beduction  in  diameter  at  point  ol  rupture  Fractured  at  neck. 

■UBM. ... . .porous,  sponc.V:  numerous  fine  crackA  develope<l  aloq|[  MfftMef 

the  stem ;  brolcen  siirfaoe  yellow,  copper  colored. 


No.  IH. 


FriUturc. 


(IbckiMibM^Tlt 


Appli<<d  loads. 


To*aL 


600 

1,000 
1,500 
2,000 
2,500 
8,000 

3.  .VW 

4.  CKH» 


Per 
•qoare 

inoh. 


PoundM. 
1,000 
2,000 
3,000 
4,000 
5,  000 
15.000 
7.  000 
H,  (lOO 
8,000 


Elonps- 
tlou  per 
incb. 


4.500  8,000 
fl^OOOl  HOOO 


JftdL 

0. 

,000050 
.000100 
.000150 

.  00*1200 

. oooaoo 

. OOOSoO 
.000425 


Snoces. 
sive  elon- 
gation 
per inoh. 


Jnek. 


.OOOCVO 
. 000050 
.000050 
.  0OO05O 
I  .  0OO0!5O 
. 000050 
.  OOOOM) 

I  'ooooiol 


Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
01 


Saooee- 
slre  per* 
manent. 
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Ay^lkdloMdi. 

Elotifca- 
tion  per 
inch. 

1 

1 

Per 

sire  eloD- 

MO. 

square 

pw  taolL 

inch. 

5,500 

11,000 

.000525 

.000050 

8,000 

12.000 

.000025 

.000100 

8,800 

18,000 

.0007U 

.000100 

7,000 

14,000 

.000775 

.000060 

7,800 

kooo 

15,000 

.000925 

.000150 

16,000 

.001075 

.000150 

17,000 
18.000 

.  001250 

.000175 

0,000 

.  001525 

.000275 

9,500 

19.  000 

.001925 

.  001(400 

10,000 

20.  000 

.003000 

. 001075 

10,  500 

21.  000 

.  0047.'>0 

.0017.50 

11,  000 

22,  000 

.  006550 

. 001800 

11,  500 

23,  000 

.  O09K75 

.  oo3:r25 

12,  000 

24.  000 

.  014000 

.CKM125 

12,500 

25.000 

.  019200 

.  (Ki.'tii'O 

IS,  000 

26.  0(>0 

.022875 

.  0l».{t)75  i 

18,500 

'JT.  (.11. 0 

.  02H2.'jO 

.00.^.375 

14,  (100 

'J."*,  (.too 

.  0352.'iO 

.  ()07(K»0 

14,  500 

•>9.  (MHI 

.  m2tiJ5 

.  Ci<i7:t7.'< 

15,  000 

30,  0<>0 

.  0.5I.950 

.  008;i25 

15,  500 

31.  000 

.  0575 

.006550 

16,000 

32,  000 

.0675 

.  OlOO 

16,500 

33.  000 

.07.50 

.0075 

17,  000 

34,  000 

.  0H.-.0 

.0100 

17,  500 

3.'.  000 

.  0;*.')0 

.0100 

36,  000 

.  1050 

.0100 

18,500 

37.  000 

.  1175 

.  0125 

10,000 

38,000 

.1275 

.0100 

10,500 

39,000 

.1375 

.OUK) 

20,000 

40,000 

.  1525 

.0150 

20,500 

41.000 

.  1700 

.0175 

21,000 

42,000 

.  1875 

.  0175 

21.  500 

43,000 

.2000 

.0125 

22,000 

44,000 

.2200 

.0200 

22,500 

45,000 

.2400 

.0200 

23,000 

40,000 

.2050 

.otso 

23,500 

47,000 

.aaas 

»,000 

47,800 

Saocea- 
Perma-    sivo  p«r- 


a 

0. 

.000025 
.000025 
.000125 
.000225 
.000350 
.000575 
.000925 
.001975 
.003650 
.  00.5450 
. 008700 
.012075 
. 017725 
.021250 
.  02H7.50 
. 033476 
.  II4"654J 
.048eO0 


.000025 


EUwtic  limit. 


MioTometer  t*> 


Ultlmat*  ■trengtli. 


:  .|1  Inoli,  .n  tmAi  {M  fneh  tnetonA 


GENEKAL  SUMMARY. 


Specific  jjravity  

Hardneswj  

TeuMilp  HtreiiKtli  p<*r  Rq)iar(«  iur-h  of  oriij^BAl  BtMJtion  pounds. 

Baatic  limit  per  M<|iiiirc  inch  of  ortginaj  section  do. . 

Slongation  ptr  inch  nt't<T  rnpttl^<^  inch. 

BloDgation  p<-r  im  )i  ini<I> t  ^tti.tin  :it  •-lu'itic  limit  ....••.•.•••.•••.•.•«*..•••>••••..  do.. 

Redaction  iu  diunD'tor  at  point  oi  rupture....   ..  do. . 

Reduction  in  area  art«rraplnfa»p«raMtmBaf  otf|^taialMottoa..   

Poaittoa  of  rupture   .1|  inohee 

"  ~r  of  binriKMMnflMO...*u*Jltlow  gray  color,  Hmall  spoofj      '   ^  *  ' 

Teloped  along  ttw  stem. 


8.9852 
6.71 
47,800 
14,009 
0.33 
.000711 
.  .148 

34.0 
from  oeok. 


i 
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[Matlu  on  bar,  68:  diameter,  .708  inoh ;  seotiotuil  area,  .50  square  Inch.] 


AppUed 


Total. 


Foundt. 
600 
1,000 
1,500 
2,000 
2.500 
8,000 
3,500 
4,000 
4,500 
8b  000 
6^800 

t,m 
%m 

7,000 
7,500 
8,000 
8,500 
0.000 
0.500 
10.000 
10,500 
11,000 
11,500 
12,000 
12,500 

13.  om 

13,  MO 

rt.  iKHt 

14.  5<KI 

i.'»,  om 

13.300 

16.  000 
16,500 

17.  000  I 
17,500 
17." 


8urc<"8- 
per  r''*°' 
per  inch. 


J'uundt. 
1.000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9.000 
10,000 
U.000 

u;<M 

U,MO 

14,000 
15,000 
16,000 
17,000 
l&OOO 

14000 

10,000 

21,000 

22,000 
2.1,  000 

24,  01)0 

25,  000 

26,  000 

27,  000 
2h,  0(i<) 
2«,  (100 
30.  000 
31,000 
32,  000 
3.1.  000 
34,  000 
35l000 


Ineh. 
0. 

.000050 
.  0<K»I2'. 
,000200 
.000275 
.000375 
.000425 
.000475 
.000530 
.000650 
.000780 


.001175 
.001425 
.001900 
.002700 
.0IM275 
.006825 
.011826 
.016000 
.023000 
.031100 
.  040.575 

.  (Mtaoo 

,  O.V«HM) 
.  OC'iUOO 
.  0>-0400 
.  091325 
.  100100 
.  1225 
.  1350 
.  1500 
.  1625 
.1825 


Inch. 


Perma- 
nent set 


.000050 
. 000075 
.00«)75 
.000075 
.000100 
.000060 
.000080 
.000078 

.oooiot 


,000109 


Inek. 

0. 
0. 
0. 
0. 
0. 

-.000025 
-.000025 
-.000028 
0. 


.000280 

.000280 

.000478 

.000800 

.001575 

.002250 

.005000 

.005375 

.007000  I 

.007200  ! 

.00W475 

.007025  I 

.OIL-VK) 

.006000 

.014.^  I 

.010»25 

. 014775 

.0164 

.0125 

.0150 

.  0125 

.0300 


.notoo 


.000278 
.000478 
.000900 
.001650 
.008130 
.005400 
.  010325 
. 015525 
.022550 
.020400 
.  03X725 
.  046600 
.  057825 
.066275 
. 078200 
.088650 
.103160 


Soccen- 
■ive  per- 
manent 
act 


-.000028 
0. 
0. 

.000025 


Mi<Toni«>tor 
moved. 


M  fMh  (.SO  M  fticUiwdooetioa),  M 


QSnatAZt  flUMMAST. 


Specific  gmHUf  t. 

HanlneM 


Tensile  atroai^tt  par  aqnaro  inch  of  oricinal 
Elaiftio  limit  per  aonare  inoh  of  originM  aertion . 

£Ionjiatton  per  incn  after  rapture   

Elongstiofiper  inoh  under  atraia  at  elaatio  Ifaait 
Re<laoti<m  in  diameter  at  point  of  mptafa . . . 
BednotlOB  in  acea  aftw  rapOnVk  P"  owtm 

Poattionaf  raptnra  r............  .Staoheafrain 

~  -  -^   ^1  Mtov]%{MfdlMrwlft  ipoto  aCdMkjrilMra^ 


&1 
4.78 
88,000 

9.000 
0.217 


«kO 
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riiHk«aabtr,H|  ik— tor,  .nsiMbt 


Applied  loadH. 


500 
1,000 
1,500  I 
2,000  ' 
2,600 
3,000  I 
8,500 
4.000  ; 
4.800  \ 
5.000  ' 
5.  500 
C,  (WO 
6.500 
7,000 
7,500 
8,000 
8*600 
i^OOO 
S;800 
10,000 
10k  800 
11.000 
11.800 
UOOO 
U,800 
1%000 
11.800 
14.000 
14,900 
15,000 
15,  .100 
10,  000 
16,500 
17,000 

17.  500 
18,000 

18.  500 

19.  000 

19.  fiOO 

20.  000 
20,500 
21.000 
21,500 

21.  MO 


Pottrutt. 

1,  0((0 
■J,  I '1 1(1 

S,  01  HI 

4.  000 
."i,  000 
8.000 
7,000 
8,  000 
9,000 
10,000 
11,  000 
12,000 
13,000 
14,000 
15,000 
10,000 
17.000 
U,000 
19,000 
20,000 
21.000 
22;  000 
28,000 
24,000 
2^000 
20,000 
27,000 
28,000 
20,000 
30,000 

31,  000 

32,  000 
33,000 
34,000 
35,000 
36,000 
37,000 
3«,  000 

:!;»,  (Mio 

40.  000 
41,000 
42,000 
43,000 
43,080 


Elonga- 
tion i»or 


Inch. 

0. 

.  OOOoT  ") 
.  (lOUl  -'.'i 

.  (KHi'j.':. 

.  00(1275 
.000300 
.  OOOHoO 
.  000425 
.000500 
.000550 
.000625 
.  0OO72ri 
.000775 
.000000 
.001000 
.001800 

.oolsas 

.O0W78 


8aoe«a-  i 
iilvw  elon- 


.08M80 

.028000 
.080075 
.041500 
.040075  ; 
.057500  ' 

.oee*rr5  ) 

.  o~:a) 

.0850 
.0930 
.  1050 
,  1175 
.  13J5 
.  1425. 
.1550 
.1750 
.1925 
.2125 
.2325 


.  000075 
.  UOO(t.'.() 
.  OUO 1  in) 
.  0001)50 
.  00O02.''> 
. J00050 
. 0OOU75 
.  000075 
.  0000.50 
. 000075 
.000100 
.000050 
.000125 
.000100 


.000225 
.000650 
.000815 


.006750 

.008075 

.005425 

.007576 

.008425 

.009375 

. O0H125 

.0100 

.0100 

.  0100 

.0125 

.0150 

.0100 

.0125 

.0200 

.0175 

.OMO 

.0200 

.<S7i 


Ineh. 

0. 

0. 

0. 
0. 

0. 

0. 

(I. 
(I. 
0. 
0. 
0. 

.000050 
.000075 
.000175 
.000260 
.000875 
.000060 
.001060 
.001860 


Soooao- 


.•M780 

.oimo 

.018875 
.084280 

.  039525 
.047000 
.055300 
.064625 


loiUalload. 


.000050 
.000025 
.000100 
.000075 
.000125 
.000175 
.000600 
.000800 
.002108 


.007875 
.005175 
.007475 

.008300 
.000325 


MlcronifUir  re- 
moved. 


UUiiDAtestrnigtk. 


Blongatlon  of  inch  st  otions:  .25  inrli.  ...'7  inch  (.33  inch  fractured  section),  .26  inch. 
Fraotare  began  at  aide,  showing  small  copper-colored  apota  and  lL|ht-gr%jr  mateL  Thia  aide  of  the 


Sneciflo  gmitr   g.  7650 

HardneM   5. 32 

Tf-naile  strength  per  sqaare  inch  of  oriKin&l  section  ......•...•.••...••■•••«..*.»«..pfBado..      4:t,  ^o 

Elastic  limit  per  soaare  inch  of  original  section  ..............te...      11.  ooo 

Elongation  per  inch  after  ruptare  ...............SBblL..   0. 277 

KloDf^ation  per  inch  nnder  strain  at  elastic  limit  ......do...  .000025 

iCeductlon  in  diameter  at  point  of  rapture  ......40...  .128 

Kednotion  In  nrt«a  after  nipton^  par  *f^"^  of  odgilMl  aottlloil   30. 0 

PoMion  of  rapture  ..•••..••.•....•...••«......••...  ...11  Inches  from  neck. 

of  brokoB  ourfiMO  ......oU^tljopOBgri  variotloMoroolor. 
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(Ifarfca  on  bar,  I7t  dlMi«l«r,  Mi  tneh ;  aeotknial  area,  .25  aqnare  inch.] 


TotoL 

MOM* 

Ptund*. 

Potmdt. 

250 
IM 

LOOO 

760 

8,090 

1.000 

4,000 

1,280 

5,000 

1,800 

6,000 

1.750 

7.000 

2.0OO 

8,000 

2,280 

9.000 

2.800 

10,  ooo 

2.750 

11,000 

8.000 

12,  OOO 

3,250 

13,  oou 

S.500 

14,  000 

8,750 

15,000 

4,000 

16,  000 

4,250 

17,000 

4,  M)0 

18,  000 

4.750 

19,  000 

6,000 

20.  000 

6.250 

21.  OfK) 

6,500 

22,  OOO 

6.760 

23,000 

6.000 

24,000 

6.250 

26,000 

0.600 

30,000 

6.760 

r.ooo 

7,000 

seiooo 

7,260 

19,000 

7.600 

80.000 

7.780 

81.000 

8.000 

82,000 

8.250 

83,000 

8,500 

34.  000 

8,750 

S".  (100 

9,000 

Mi;,  oou 

9.260 

37.  OOO 

9,500 

(k>i) 

9.  750 

:(f».  (HHi 

10.  0(>0 

40,  nOd 

10,  2.W 

41.  OOO 

10,500 

42,  00(J 

10,  750 

43,  OOO 

10,860 

48,620 

iM«fiMhMelkMt 

Inch. 
0. 

.000100 


.000800 
.00(067 
.0004SS 
.000567 
.000600 
.000667 
.000800 
.000867 
.  00OWJ7 
.001033 
.001233 
.001333 
.001633 
.001933 
.  002300 
.00^033 
.004133 
.006067 
.009400 
.011233 
.013300 
.022800 
.088867 


Sncceii- 
sive  elon 

g»tion 
per  lach. 


.048800 
.066607 
.097407 

.0788 
.0667 
.0088 

.1133 

.  1233 
.  1.167 
.  1500 
.  1000 
.  IHIO 

.  1W57 
.2167 
.2400 


.000060 
.000134 
.000033 
.000067 
.000133 
.000067 
.  000100 
. 000066 
.  00<)20() 
.  OOH  llOO 
.  000300 
.000300 
.  000367 
.  000733 
.001100 
.001934 
.003388 
.001838 
.002067 
.009000 
.000667 


.OllMf 


.010900 

.00.5888 
.0134 

.OOfifi 
.  0200 
.0100 
.  0134 
.0133 
.  (»100 
.  0200 
.0167 
.0200 
.0238 


IIMItM*. 

SQCOM- 

■ive  p«r. 
naocnt 

iMk. 

bHMloai. 

• 8888tB 

.ooQon 

8l 

.000087 

.000084 

.000007 

0. 

.000007 

0. 

.000067 

0. 

.  000100 

.000088 

.  000133 

.  000088 

• 

.OOlllXj 

0. 

. 000167 

.000034 

. C00233 

.000066 

.000300 

.000067  , 

.  000333 

.000038 

.000.^67 

.  ooo-'U 

.  000733 

.  OOOlfiO 

.001033 

.  000300 

.001M33 

.000800 

.002900 

.001007 

.004633 

.001733 

.007867 

.003234 

.010033 

.002160 

.014000 

.004867 

.oootw* 

.027000 

.808MV 

.OMlfl 

.187187 

.OMIV 

.811188 

.008107 

!00«800 

.010700 

MteWMiag  r»- 

Ulttnwte  •trengtli. 

• 

onrntAL  summaet. 

Sjpecifle  gravity  .,....,.,,8,,..,..........   8 SMI 

^lartlocBS  ««•••«*.•«••  *•■..•••••••  5. 

Tennlle  ntrength  p«i  NiiiiHre  inch  of  original  aeotkm  potinda. .  43.59 

Elastic  limit  per  flquiirt*  inch  of  origlMlMetiMI  do  ...  UNI 

ElonKfltiou  per  inch  after  rujiturp   .....   .llKihu.  0.28 

Klongation  per  inch  lutilcr  ittnin  at  elaatic  Ibntt  ...........................d*...  .OWMT 

Kedurtion  in  diainct«rr  atpointof  mpiare..........  ....••....•••.•...•..••••..do. ..  .09( 

•P^.i.>»»r»n  Kn  ar«..  ..ftai. fjT  ITWtlWII  tf  1tirllill>l  Olttrlttlll   Ill 

Poiittoiiof  rnptore  MIMtoofalM 

OhMMtarefdoUBMilhM  liKbtycHoivt  QH^ii wi8Wfii«*r 

>-Mii.  -Til 

In  ill  icruiit 
§11  ncciiinit  of  tile  liinallncHs  of  the  Hpccinu'iis. 

Tht  reaulta  were  raduoed  bj  oompaUUon  to  herdneee  under  IOlOOO  pooade  pressnre,  aMnmiag  i 
Ike  latotettaM  vai7  M  tko  oqtiate  loeCo  of  fh«  oabw  «r  llM  pnooaiw. 

jr.  H. 


K'  sptciflo  ;:r.'»viticH  w.  rf  not  ilt-terniincd  from  the  tent  pi«re»,  but  daplicate  aamplfw. 
ininji  hanltirss  a  )>y  r:iinidnl  indent  in;4  tool  wilh  naed,  pmpluyiiig  pr 


prcssurrs  of  5,000  poaixli. 
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BMPOUT  OK  THE  MANUFACTURB  OF  STEEL  FORGING S,  ^C.  FOR  THE 
ORDXAXCE  DEPARTMENT,  U.  8.  A.,  BY  THE  MIDVALE  STEEL  COM^ 
FA^X  BUSING  THE  FISCAL  YEAR  EJiDINO  JUNE  30,  1884. 

BT  MOT,  V.  s.  aoMBfl^  oMomAauK  nmsnmnr. 

TbA  Cam  ov  Obbfahos,  U.  8.  Abxti 

,  8lB :  Oomplying  with  yoar  instroctions  of  the  26tb  ultimo,  I  have  the 

honor  to  submit  the  followiiif?  report,  showing  natnre  and  progress  of 
the  work  done  for  the  Ordnance  Departmeutby  the Midvale  Steel  Com- 
panj^  during  the  fiscal  year  eiidin^j:  June  30. 

Duriuff  the  time  specified  the  iy.idvale  Steel  Campauy  undertook  to 
ezeeate  Tor  tiie  Department  the  IbUowing  oootnotB  or  orders  f»  ateel 
gmi-lioopSy  Ibirgings,  and  castings,  viz : 

1 .  F(>r<rni^s  and  oaeting  tat  tiie  parts  of  a  3^inoh  stael  breeoh-load- 
ing  field  gun. 

2.  Forgiogs  for  tube,  breech  cup,  and  muzzle-collar  for  couvertin|^  a 
lO^inch  Bodman  smooth-bore  gtm  Into  an  8-inoh  mnszle-loading  nfle 
(mnssle  insertion). 

3.  Rolled  hoops  for  a  12- inch  muzzle-loading  rifled  mortar. 

4.  Hammered  rings  for  a  wire-wrapped  tube  for  12-inch  breech  load- 
ing rifle. 

5.  Ilamiuered  rings  tor  repair  ul  ihe  0-iuch  Haskell  multicharge  gon. 

6.  Boiled  and  hammered  hoops  for  an  8-inch  steel  breeeh-loadlng  rifle* 

7.  Forgings  for  tiie  breech  mechanism  of  12-inob,  l^inch,  and  8*inish 

breech-loading  rifles  and  casting  for  10-ineli  ritle. 
•   8.  Rolled  hoops  for  a  12  inch  breeeh-loading  ritie. 

9.  Rings,  forgings,  and  casting  for  a  10-inch  steel  wire- wound  breech- 
loading  rifle. 

At  tiie  end  of  the  fiscal  year,  those  nnmbered  1, 2,  3.  4,  and  5  were 
completed)  and  those  numbmd  6,  7, 8^  and  9  were  still  tn  hand,  those 
nambered  6  and  7  beingi  however,  nearly  completed** 

POBQINOS  AND  OASTINO  FOB  THB  PIBTB  OF  A,  3.2-INOH  8TEBL  BBBBGH* 

LOABm O  FOSIiD  OUN. 

These  parts  consisted  of  tube,  jacket,  band,  base-ring,  key  ri!i  ir,  breech- 
block, carrier-ring,  obturator  and  stem,  gas  eheck  and  locking-ring  forg- 

*The  Mid  vale  Steel  Coinpftny  deeire  that  the  details  of  the  maniifaotme  of  thete 
forging,  tV-c,  b4»  eonnf^erM  eon1}dmitl«l|  ftnd  for  the  tirilmiuitlon  of  fho  depMrtiiMint 
only,  tor  IIh  n  n^on  tli  it.  wMli'  nn  gecret  or  complicated  procosHes  are  us>  ],  ihr-  F-tnall 
details  of  luaQufaoture  have  been  detenulued  by  cajreful  experimeot  and  at  couaid- 
erable  expenae,  and  It  would  bo  oooipufttiTely  easy  Ibr  any  other  txm  to  oopy  tlmii. 
Voorlj  All  inlbniistlon  mhitlTe  to  momiftetiito  is  tiiCMfoio  omltlod  hi  thii  report. 
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Ings,  and  tmnnion  band  casting  of  fhe  fbllowing  rough-fltiiahad  dimttii* 
alo&s,  vu: 


iDterior 

Length. 

Inehet. 
6.25 
9.80 
6.75 

6,n 

4» 

6.75 

47 

7.75 

Ineh«9. 
86.5 
30.0 
14.55 
415 
415 

420 

1.40 
C  0. 75  i 
17.0  ( 
495 
410 
475 

SfllMfbiglii«. 
WMIbinliUliai 

5.0 
4.  T.'i 
2. 75 
4.50 

440 

415 

49 

415 

The  tnbe  for;iinp^  was  required  to  be  simply  auuealeil.  tfn*  mrtal  to 
have  au  elastic  limit  of  30,000  poaods  per  square  inch  ami  a  teusile 
strength  of  85^000  ponnds  per  sqnaro  inch.  The  other  forgings  and  tlie 
oaating  were  required  to  bo  oil  tempered  aud  subaeqoently  annealed, 
the  metnl  to  havo  an  ela.sti(;  limit  of  42,(>00  poands  per  aqnare  inch  and 
a  tensile  strength  of  95.000  i)oniHls  per  square  inch. 

The  tube  forging  wa»  made  from  the  lower  part  of  an  injrot  15  inches 
square  in  cross-section  and  abont  48  inches  high,  weighing  a^O^O  pounds; 
was  cooled  in  dry  ashes  after  fbrging  and  snbseqnently  annealed.  A 
taiijjential  test  specimen,  2  inches  long  between  shoulders/  taken  from 
the  forprlnfr  after  annealingf  and  tested  by  the  Midrale  Steel  Company, 
showed:  Tensile  stren^fth,  87,700  poiiiKis  per  square  inch ;  elongation 
after  rupture,  16  per  cent. ;  contraction  of  aix>a,  20  per  cent. 

Tbe  jacket  forging  was  made  ftom  part  of  tin  ingot  25  inches  square 
in  cross-section,  and  about  50  inches  high,  weighing  9,450  pounds.  The 
forging  WHH  eooled  in  dry  ashes,  rough  bored,  and  turned,  oil  tempered, 
and  annealed.  A  tangential  specimen,  tested  by  the  Midvale  Steel 
Company,  then  showed :  Tensile  strength,  102,900  x>ounds  per  square 
inch ;  elongation  alter  mptnre,  14.5  per  cent. ;  contraction  of  area,  22 
per  cent. 

The  band,  base  rinn".  and  key-ring  forcrni;]f8  were  all  made  from  a  15- 
iuch  square  injjot  of  tlie  same  open  hearth  iieat  as  the  tube  and  jacket  ^ 
forgings ;  the  band  was  forged  hollow  on  a  mandrel;  thebase-riuf  aud 
key-ring  were  forged  solid ;  all  wsve  rough  flnfshed  and  Aen  oil-tein- 
pered  and  annealed.  They  were  treatedat  the  same  time  and  in  the  same 
manner  as  the  jacket  for^jin^. 

The  triiTiTiiou  ]»;ui(l  wavS  a  .solid  casting  of  open  hearth  steel,  annealed, 
oil-tempered,  aud  then  again  annealed.  A  tangential  specimen,  testea 
by  the  Midwe  Steel  Company,  showed :  Tensile  strength,  96,700  ponnds 
per  square  inch ;  elongation  after  mptnre,  19.6  per  cent :  contraction  of 
area,  40  per  cent.   The  casting  was  clean  and  free  from  blow  holes. 

Tlie  breech  block,  eMrrier  rinjr,  obturator  and  stem,  gas-check  and 
iocking  riug  forgiugj*  lor  the  breech  mechanism  were  made  from  part  of 
a  15-inoh  square  ingot  of  the  open  hearth  heat,  fmm  which  were  made 
the  experimental  hoops  foniished  lihe  Department  by  this  company  (see 
reports,  Appendices  STos.  41  and  42.  Beport  of  the  Oldef  of  Ordnance, 
1 After  being  rough-finished  they  were  oil-tem]>ered  aodannealed, 
with  a  view  to  obtaining  the  desired  physical  qualities. 

*A11  MidvAle  ipeoiiaoui  anS  inoliM  long  betwMii  ■hoaldiiw. 
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POEGINOf?  FOR  TUBE,  BREECH  ("I  1^  AND  MUZZLE  COLLAR  FOR  CON- 
VBETING  A  iU-INCH  RODMAN  UMOOiU-BORU  IHTO  AN  8-INCH  BREECH- 


These  forgiDgs  were  of  the  foUowing  dimeDsiopfl^  vis: 


Tabe  

Biforh  cup  . 
Mtuzle  collar 


Rough  for|;iDg, 
Do. 

1  Bou]^  flniahed* 


•  The  metal  of  the  tube  wm  ivqiiireil  to  have  a  tcnnile  strength  oi'  70,000 
pouods  per  square  iucU,  au  elastic  limit  of  28,000  pouudn  per  square 
inch,  aod  an  elongation  after  rupture  of  20  [K;rceiDt>in  tangential apeoi- 
meiiB  3  inches  long  between  shontdera.  Tiie  tube  and  breeeh  cup  to  be 
of  ^ilve  pliysif^til  qiialitios,  the  innzzl**  fo^T.ir  to  ho  sliirlitly  Itnnlcr. 

The  tube  lorgini^  Wius  jjiatU;  iiuui  aii  iij-^ut  oO  iuch«.s  nquare  in  cross- 
8Cctiou  by  about  50  inches  high,  weighing  12,430  puuud».  The  forged 
length  was  abont  136.5  inoben,  the  extra  metal  being  cat  off  for  test 
speeimeus.  Informing  the  in^ot  wan  hmtcd  five  times  and  was  laid 
down  rnid  ebipjH'd  between  thetliiid  and  fourth  heats.  The  fui  ^ing 
was  th»Mi  aiiin'ah'(l,and  a  taujrcntial  .spoeinicn  takenfrom  th<'  Iii»mm1i  «'ud 
(bottom  onniiul),  tested  by  tlic  Miilvale  Steel  Company  showed  :  Ten- 
sile strength,  71,5(K)  itoundti  per  sqaare  iuch;  elongation  after  rapture^ 
25.5  per  cent. ;  contraction  of  area,  39.7  per  <;eut.  Tlie  cylinders  for  test 
specin^ens  woretherr  cut  fi  om  The  ends  of  the  fnr^injr  tlie  sp"cini('ri8 
cutout;  of  these  then-  were  one  radial  and  thni'  iati;;«'iinal  troni  the 
oyliuder  cut  from  the  muzzle  i^ud  of  the  forgiug  and  t  wo  longitudinal, 
two  radial,  and  three  tangential  from  the  cylinder  cnt  from  the  breech 
end  of  the  for^itiLr.  All  the  tangential  and  longitudinal  specimens 
were  taken  within  a  prolongation  of  the  exterior  and  interior  surfaces 
of  the  finished  tube. 

The  specimens  were  testetl  with  the  United  iStatCii  testing  machine  at 
Watertown  An*euaL 

The  results  of  the  tests  are  given  in  the  following  table: 


Me»iUt»  obiaiued  in  tensile  tesfg  of  specimens  from  forging  for  tube  for  S-inch  converted  rifle. 


Tiagwtlal,  taMeh  and 


4 ••■«•• • 


Do 


LoDZitudiDAl,  brceeb  end..... 



Baiilnt  bre«oh  end............ 

l>o   
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S  -  ••  - 

a     el  u 
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"si--- 

j=  -  -i  <•  ^ 


m 

I-' 

«>  s 

X  .2 

t 

* ».  °  s 

t  . 

S£ 

II" 

|H 

PoundM. 

7/1.7,.  i 

Pound: 

Inch. 

Per  ernt. 

38.  Olii  i 

.  (Mil  liHt 

79.  0«0 

.20 

27. « 

35,  IIOII 

79.  6i  0 

.'M 

:5'i.  R 

35,000 

.oor.'CT 

79,  bOO 

.24 

;i  t.  H 

45,  OOO 

70.  BMO 
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6&8 

40,  000 

.ooi:j07 

78.  480 

.3'i 

58.8 

33, 000 

.  0012  '0 

77,  .")'.*<» 

.20 

80.8 

3.^.  000 

.001707 

75.  O-^O 

.217 

27. 8 

41,000 

.  001567 

82,  400 

.28 

42.0 

42,000 

.ooi:n57  1 

81,000 

.237 

8018 

40.000 

,  .001107  i 

70,120 

«;ooo 

.as 

.18 

41.8  « 

4ft.  MO 

.001217  1 

1      *  1 

88.1 

6191 
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St9uU«  obtained  in  ttntrile  irata  of  apecimena  Jrom  /oryiny/or  fw6r,  ijf  c. — Continoed. 


XloBgBtiOB,  per  fiwli  or  length,  cnoHod  by  the 


Y«NwU«a  of  bpecimcn. 
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0UO633.OOO7»3, 
.0OO4«7. 000700. 
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001433.  ooifia:r*. 
ooii3;{.ooiS83. 
OOI133l«001W7:. 

ooun.oaufTj. 


OIOMT 
012087 


011067 
01.V3 

0i7a2 

I 

01440  I 
,01908 
.018D0 

oim ! 


02366 
.0J733 
.03-JlO 
.  03.167 


.04903 

.05560 

.  oe-JKt 


The  bre««h-cii|)  forging  was  made  from  partof  a  25-liioh  aqaare  ingot, 
about  60  inches  high,  tmil  wan  uftorwanls  annealinl.  Th^  physical  qual- 
ities, as  determined  by  the  Midvale  Stf>el  Con i) ►any,  were :  Tensile 
8treii(;rlu  7*3,500  pouTidn  per  square  iii(;h ;  elongation  after  rupture,  27.5 
per  ctnt.  j  contraction  uf  area,  38  percent. 

The  muzzle  collar  forging  wasmadefrom  the  same  iugotasthe  breecb- 
eup,  but  was  not  annealed.  The  phymcal  qualities,  as  dt'termined  by  the 
Mid  vale  Steel  Company,  were :  Tensile  .strengtb,  77,570  pounds  persquare 
iiicli;  eluugatiouatlk'r rupture,  13.5  percent.;  coutractiou  of  area,  13.2 
per  ceut. 

BOIXBD  HOOPS  FOB  A  12*IK0H  3fUZZLE-I.0ADINa  BOXED  MOBTAB,. 

The  dimenaioDs  of  the^e  hoops  were  as  follows,  viz : 


Numbor 

of 
hoopi. 


Extrai-     loteH.  ' 
or  diott'  or  dl«a*  Length. 


Inehet. 

Inch*  «. 

Inehet. 

41.  5 

nr,.9  , 

8  31 

t 

41.5 

35.9 

9.0O 

1 

37.  I 

31.0 

0.00 

fi 

3  >.  0 

31.0 

8.  ."iO 

1 

»f>  9 

Sl.O 

9.00 

• 

35.0  , 

31.0  1 

8.76 

Tbey  were  required  to  be  lougli  tinishefi,  allowing  ^of  an  inch  on  a 
side  over  the  dimenaious  given;  to  be  oil-tempered  and  subsequently 
annealed  ;  the  metal  tohave  the  following  physical  qualities,  viz:  Slaa- 
tic  limit,  22  to  25  tous  per  square  inch  ;  tensile  strength,  42  to  46  tons 
persquare  incli :  rlnn^Mtion  alt«'r  rnptnre,  ir»  to  20  pcreentum;  deter- 
mined by  the  teslol  specimens  at  leasts  iucbt'«  long  l>etvveen  shoulders. 

In  bis  circular  letterto  the  steel  manufacturers  of  Uie  country,  dated 
April  3,  1883,  the  Chief  of  Ordnance  stated  that  to  obtain  the  physioal 
qualities  desired  in  steel  f'orgings  for  ordnance  pnrpotses  special  treatr 
ment  would  be  necessary,  and  expressed  his  opinion  that  the  mode  of 
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treaiment  by  annealiii^  after  oil  temperiDg  would  give  a  more  saitable 
metal,  one  combiniu^a  high  elatitieitv  with  considerable  ductility,  than 
any  other  mode  of  which  the  Departiueot  had  iuformatiou,  provided 
the  operHtimi«  won*  atti'inle4l  witlv  «  tM  t:iinty  and  unirunuity. 

The  results  of  tiie  tensile  and  8iii  liika^e  test8  of  tin-  two  e^periineDtal 
hoope  manafaotured  by  tbe  Midvale  Steel  Company,  one  bil-tempered 
and  sabttequently  annealed, the  otln  r  simply  annealed,  after  rolling  (nee 
Appendices  41  and  42,  Iteport  of  the  Chief  of  Ordnance,  188:?),  seemed  to 
\N  ;H'!  ;nit  the  belief  that  the  opinion  Roexpresspd  waseorrecl,  and  these 
booph,  contracted  for  September  20, 1663;  and  those  for  au  8-iuch  steel 


bteeeb  loading  rifle,  contracted  for  about  a  month  later,  were  coni^c- 
qiiently  roqnirod  to  beoi!  'eiTt]M'!(Ml  und  sul)s?enuently  annealed.  A  lack  ' 
of  uiiilormit>  «*hown  in  the  experimt'iital  oil-ttM)ip«»ml  hoop  referred  to 
above,  wh*»  explain»'d  by  the  Midvale  tsteel  Coiupany  to  be  probably  due 
to  a  known  nneqnal  heating  in  the  annealing  after  oil-temtiering,  which 
they  expected  to  prevent  in  any  farthe;  work  by  the  iiid  of  new  and 
more  suitable  furnaces.  The  de^^ree  of  uniformity  attained  in  the  man- 
ufacture of  the  hoops  will  be  seen  by  an  examination  of  the  following 
tables,  givinp  the  results  of  the  tensile  tests  of  Ihe  metal. 

The  Midvale  Steel  Company's  method  of  manufacturing  large  rolled 
guu  hoope  is  easentlally  the  same,  up  to  the  point  of  treatment  in  oil 
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as  the  method  of  iiiaimracturinj;  lar^jr  lornmotivc  tiros.  Special  beats 
of  open  hoartli  steel  are  run  lor  the  purpose,  tlie  chemicsil  corni>08itioti 
belugas  nearly  like  as  possible.  Care  is  taken  to  have  the  metal  used 
free  from  any  defects.  After  they  hare  been  rolled  the  hoops  are  re- 
heated, oil  tern  peered,  and  afterwards  annealed,  the  depee  of  heat  in 
these  operations  depeudinpf  upon  the  cheniieal  composition  of  the  metal, 
the  results  obtained  in  tlie  test  of  a  preliniinnry  "  specimen,  the  size 
of  the  piece  to  be  treats*!,  and  ihe  j)hysical  qualities  lequired.  When 
the  hoops  have  been  accepted  as  to  pliysii^al  qualities,  on  the  results  of 
the  Government  tests,  they  are  rough -finished.  The  Midrale  Steel 
Oompany  had,  until  they  undertook  the  manufacture  of  these  12  incli 
mortar-hoops,  rolled  tires  of  ji  maximum  width  of  only  7.5  inches.  For 
these  hoops  and  for  the  rolled  hoops foran  8-inch  steel  bre(»eh-loadin^  rifle 
a  new  set  oi  rolls  was  made,  having  a  height  of  0.5  inches,  which  deliv- 
ered hoops  abont  9.26  inehes  in  length  when  oold.* 

That  the  hoops  might  be  ased  of  as  great  length  as  possible  iu  the 
constructiqn  of  the  mortar,  it  was  decided  l>y  the  Department  test 
only  a  limited  nunil>er  of  those  Tuanutactured  (those  required  to  riiiish  9 
inches  long  iu  the  above  table),  these  '*  test  hoops to  be  soselecteil  by 
the  inspector  as  to  represent  in  the  best  {KMsible  manner  all  the  hoops 
of  the  lot.  The  specimens  for  test  were  either  slotted  from  the  edge  of 
till  honp  or  taken  from  rings  of  metal  cut  from  the  edge,  ito  shown  on 
Figuic  I. 

The  results  of  the  t^sts  of  the  specimens  made  at  the  Watertown  Ar- 
senal are  given  below.f 


*  Stil!  niioi Iter  sft  of  mllH  for  gun  lioopH  m  now  Tjiihig  mntinfartnre<l,  de.«i«j:nri1  to 
di^liM-r  houps  ti»  linihh  inrh«'.s  l»nij;.  In  tlio  upiuion  of  tin*  t  uiupany's  oflk«j-*«  this 
length  is  tbe  groateNt  that  thi'ir  tm-  mill  r-ati  turn  ont  without  dan^^cr  of  breftkagew 

i  The  haninieivd  lioops  fur  8-iui:h  Ht»M*l  rilh»  wer«  made  from  the  wunu  iug«it8  anlho 
mortar  hoops,  ho  the  reauItH  of  th»  ttiMtH  of  those  apcctmeuH  cuu  bu  couipm^d  \iitb  tbe 
resnlta  obtained  in  tbe  teat*  of  tbe  bamueied*boop  i»pecim«ne. 
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Jiti9uit4  of  teiuile  te»tB  0/  tangential  tpnimimt  from  rolled  $t«el  hoop*  for  i'i-inch  mtusle- 
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<>7,000 
72,000 
72,000 
,  73,000 
78.000 

54. 000  j 

,  64,  WMt 
'  .M»,  000  I 

.'*0,  000 
58,  (-00 
&4,0^ 

M,000 


Inch. 

.  OO  M  SA 
.  001^83 
.  0«'_'20*t 
.001X67 
.0'»-'183 
.002150 
.00-JDBS 

.ooiKsa 

.001767 
.  001067 

.oomH) 

.  00ltB3 
.  OOJl.'iO 
.  00JIO6 
.  002133 
.  002000 
.  0021N) 
.  0021K { 
.002133  I 
.002)00 
.OOiOXi  I 
.002007 
.0C.'-ifi7 
.(MI2000 
.001W>7  ] 
.  0022'.0 
.<M21C7 
.003^) 
.002333 
.0O2iQ0 
.OOIMT 
.OOtlHiO 
.009000 
.001067 
.001567 
.001467 
.001950 
.001750 

.ooitao 


Pound$. 
115.200 
112,600 
112.000  I 
111,870  , 
112,080  ' 
110. 80O  ■ 
100.000 

107.  S40  I 
103,  510 
lo3.  4fh) 
104,000  I 
111,000  I 
111.800 
1 18,  720 
Urt.  200 
119.600 
1  lU.  400 
1 12,  00t>  i 
I13,20it  ! 
117.  6U0  ! 
112.000  . 
116.460 
1 12.  650 
10t»,  440 
114.000 
117.410 
117.R10 

117,440  : 

11^000 
113.000 

m720  I 
115.000 
110.320 
102,  OOti 

lo.-).  200 

10R,D00 
1U6, 440 
IK^iOOO 


Inch. 
.  13 
.  123 
.183 

,vn 

.1207 
.12«7 

,m 

.105 

.«os 

.  mi 

.17 
,  1433 
.  15 
.  1666 
.  1733 
.1250 
.  1287 
.18 
.  13.H3 
.  OKI 

.  16 

.  16 

.  105 

.  128 

.  145 

.  133 

.17 

,173 

.135 

.14 

.143 

.14 

.178 

.107 

.  132 

.163 

.17 


P.cL 
27,6 
27.0 
33.5 
26.4 
24.4 
27.0 
4Ae 
444 
4118 
4^.6 
47.2 
»;»,  c, 
4y.  0  ' 

.iO.4 
3».2  I 
30.  K  ■ 

44  4 
1.S.2 
3.3.6 
30.2 
35.4 
21>.3  ^ 

3.\e  i 

30. 8  I 
43.7 
43  7 
47.  2 
43.  7 
33.0 
3014 
83.6 
83.6 
86.4 
80.  4 
36.4 
36  4 


7.1-552  .  27.32 
7.*835i  !'25.a 


7.88S7 


88.44 


7.8561 


"I 


7.8528  1. 


7.8543 
7.'8566 


7.6580 

7.8558 
7. 

7.  8524 


2ft  07 
26.90 
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ilemH$  Of  tenHlt  te»t9  of  tatiffeutial  $peoimeMf  ^o. — CoutiuutMl. 


SUmgations  per  ineb  of  Iwagtli 


1 

•  «•  • 

▲k .... 

3 

mm  9  9 

Ax  .... 

Ax.... 

G 

Ai .... 

1 

A]  

2 

A|  ... 

3 

4 

A|  

6 

Aj  

6 

^  

1 

^  

S 

4 

^::::: 

ft 

6 

1::::: 

1 

it*-  ■■ 

8 

Bx  .... 

1 

Bx  .... 

<i 

Bx  

3 

Bx 

4 

Bi  ... 

5 

Bx  .... 

6 

Bi  

; 

Iti  

Bi ..... 

Bi  

4 

BtK.v.. 

BttX. ... 

Bqs..*. 

3 

Bm(.*«« 

4 

B«z.... 

t5 

B<z.... 

»6 

B«z  

Ml 

B«s.... 

Baz — 

!» 

Inch. 

.  udoaKi 

.000400 
.  0(IU4U7 
.000133 
.  000383 
.  (»003«7 
. 00O433 
.000433 

.ouo;<oo 

.000533 
.9MMS 


Inch. 
.  0(kOhlf7 

.  iioos:!3 
.  oooh.<:j 

.000733 
.00081)7 
.000850 
. 000867 
.  0W»K"{3 
.  0llO7;i3 
1.00093^ 
k 000007 


.OMdUt 


'.000W7 
'.  000433 

.Doom 

.0UG4UO 

1.090433 
!.  000333 
.  <«t03e7 
. 000567 
.00033;} 
.  000400 
j.  00(>4V> 
i.  000383 
|.  000417 
.  t>.H)333 

I,  ooo:t«*o 
ooti::ii7 
oi>«):>:i 

f  r'l|17 
UWHOO 
00<)4I7 
.  0<M)333 
.  0Ofl4O7 
1. 000450 


. 0008UO 
.  llOOfMw 
. 000«17 
.  UOO)4(i7 
.001007 
. 000007 
.  00OK't3 
.000900 
.  0008.(3 
.000867 
.000807 
00071 >0 
'  <i08.'l3 
.  UO0K17 
.  0O08.'iO 
(100800 
.  0008 'lO 

•  MK 
.000t>33 


Inch. 
I  001150 
.001217 
I.  0U1I67 
.  001(t«7 
.  001200 
.0011K3 
.  0012;{3 
.  001150 
.001000 

.ootiesr 
.oom? 

'.OOlttO 

.ooioes 

.001200 
.001197 

.001183 
'.  001283 

.001133 
.  001133 
.001100 
.•'01 183 
. 0U1333 
,.  001000 
.  0ylJ83 
1.  0«123.'5 
.001117 
.001183 
.001167 
'.  0(iOW}7 
'.  U011B7 

.001167 
.001217 
'.  001167 
'.  001100 
K1I267 
.001217 
1.001200 


Inch. 
.001367 

ovi3r»o 

. 00l33t 
.OOI2fi7 

.  ooia.'io 

.0013.'iO 
I.  001 307 
!.  1)01317 
'.  0012VO 
1.001400 
.001450 
.001417 
OCIMO 

00ltt7 
.001SS8 

.001283 
'001417 

.  IIOi3(K) 
. 0013B7 
001217 
..O0IS33 
[  00)567 
:.0012r7 

i.oowiari 
'.  ooi3k:{ 
;.  i»oi2:i3 

.0«1317 
'.  001.300 
'.  001-233 
001300 
001267 
lHil3:t3 
001383 
001333 

0014«;7 
.001400 
OOUOO 


Inch. 
00)500 
001. '>33 
0U1500 
001433 
001.'>:i3 
001, M)0 
001.'>33 
01I1483 
001333 
OOiflOO 
001033 
OOUOT 
001080 
OOIMO 
001800 
001&38 
001407 
001507 
001433 
001500 
001417 
001. '.17 
001767 
001333 
0111533 
0O|.'i5<) 
001417 
001483 
001 433 
001333 
001467 

(JON  an 

0Oi5:iO 
OOl.W 

0!>1117 

Oil  I  in 

OOliiOO 
001638 


/««*. 
'.  001683 
|.  OOl7:t3 
!.  001667 
|.  001600 
1.  00170(1 
'.  0UI700 
. 001700 
. 001067 
.0015^ 
.001767 

.ooiaoo 

J.  001718 
.001750 


I  

:  Inch. 
.  0<.»1783 
'.  001767 
..  001767 
!  .  001607 
1.001733 
[.  001733 
.001717 
'.  001  «Kl 
001633 
001833 
I.0U100O 
001880 
001183 


.001788 
.001707 
.001010 

.001700 
.001600 
.001700 
.001583 
.001683 
.001833 
.  001400 

.  ooi7:u 

.  00173.* 
.OOl.'iKS 
.  OOtti.'M 

.  tiMiiitr: 
.  it>7 
( oir,i7 
,  i>iui»a7 

.  K01G83 
.  0017rM) 
.  004983 
003233 
«<)1767 
.001817 


ooim 
oomoo 

001050 

001783 

.0016(57 

:.  tm~:a 

001600 
.001717 
. 001883 
I.  0015.33 
|.  001800 
.001787 
.(01600 
!.  001683 
j.  001067 
I.  001500 
i.  001667 

.OfilT'H) 
. OOleiT 


.OOlA.'iO 
.OOIBOO 

.000717 


Inch. 
001867 
002000 
.  001933 
0018«7 
001887 

1.  ooi»;« 

. OU1900 
.  00I9.V) 
.<M>1700 
.002267 
.003807 
.002017 
.001017 
.00180 
.001000 
.001088 
.001707 
.001807 
.001787 
.001000 
.OOl?.^ 
.001883 
.002I(KI 
. 001607 
.  0022  »3 
.001917 
.001717 
.  001800 
.  0111800 
.  00I6:i3 
.  {KI1767 
.  0044M3 
.  i*ol'-.'i:i 

.  lui-nrto 

.  U(Ni283 
.  0(fr283 
.004400 


I 


Inch. 
.002233 
.  002550 
i.  00-J850 
l.  002767 
].  002183 
|.0024«l 
. 003033 
.006117 
.M»300 
.006407 
'.0079U0 
.0C0187 
.00SU7 


Inch. 
.004017 

.oo.vm 

.006267 
.006333 
.  0O4017 
.005350 
.007:J50 
. 010350 
..W07907 
.  OlOOlO 
'.018000 
1.010087 


Inch. 
.0075 
.0092 
.0108 
.0116 
.0080 
.0091 
.0132 
.0150 
.0125 
.0158 
.0I« 

.out 

.0018 


001038 
009033 
008000 
002100 

001933 
002067 
002200 
0(123.33 
(i0a833 
002100 
001BI7 
(K)-JOOO 
'  ■02(tO0 
OO18U0 
002467 
007838 


0021S0 
002450 


>  0000 


.002707  I 

|.  U02IK3  . 
I.002»50  1 
.  002433  - 
.  006(100 
.  007583 
.  002700 
.  002083 
.(•02187 
'.  002200 

i.  (xriooo 

'.OO.S5t7  • 
.011533 

,  (1(1 


1.003317  .OOtWiT 
.011867  i.016t3:i 
I.  009133  .0133.V( 
.006207  1.008331 
.007533  LOIliWO 
011860  [.OlfOtT 


.0078 

.002» 
.0073 
,0(i37 
.0090 
.0117 
.0055 
.0042 

0043 
.0040 
.0043 
.0094 

0159 

til'.'i 

.  '<::■:> 
.om 


*  At  to  ttJokncw  of  hooii,  i. «.,  wlwther  Uk«n  from  nMir  intid*  or  OHtpldf  ataoimfBMiM  or  at  wtdHSU 
ofohtokano.  TlioMMOf  mUttoopeoioioM^  oseept  whoronoled,  w»f«oho«Olte«o-fbart|«of  o»i^ 
ftom  €b9  fMo  of  tbo  houp. 

t  From  tbo  iMood  riii^  of  metal  ent  from  tlUa  h(x>p  i  azM  about  1| 
mirfii«e4  and  2  InobM  from  ooe  fboo. 

t  Frma  tbo  tbirdrinz  of  metal  ent  from  tUa  hoop  t  una  about  Iflaohaa  from  laiUo  and  OQ*iMo 
Moa  and  aboni  4|  iaiwaa  ' 
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Bmm  itB  of  tmfnu&m  inl*  of  tangential  nfietimeMfiiomrolMiBtMl  hoops  for  tSt'i»ck  aiiHart»> 

loading  riJM  mortar. 


8ptM;imen. 


Kruui  boop  murk- 

ed- 


JS 

S 

i 


I 


Dimensiouii. 


PoelttoB. 


Bx 


Leagtii.  Diameter. 


7  Middle. 

9  ....do  .. 
10  ...  do 

7 
14 


.do  ..... 
OuUlde... 


12 
12 
12 
12 
9 


.  <  


1  129  inch- 


o 
v. 
«  o  . 

a-3§ 

S3  a"" 

— 


p. 


•a 

SOS 
"  a  • 


5*i,000 

e.'i.uoo  i 

63,000 
66l»0 
60.000 


.  0U1870 
.0U-J140 
.002110 

.oomo 


From  lionp 
marked — 


"n 

9 


CompiMMlon  per  inoh  of  length  esnoed  by  the  ondomentioned  lead*. 


Ax 


9 
10 

7 
U 


a.* 


lack. 
,UUO440 


«  s 

IS" 


ill 


,000960 


1.2  _ 

I?! 


Inch. 

,  Koriflo 

.0«1?70 
.0012W 


Inch. 
.001440 
.OOU'.'O 
.001450 
.001480 


I 


X  ftl 

c.  * 

id 

.  001810 
.001630 

.ooiflto 


-52  • 

a  ^ 


I 


Inch. 

.  0(11  7-0 
.00180(1 

.001770 


Ineh. 
.  (ml «•.'(( 

(H.1820  I 
.00l«t0 
.0018S0 


■s2 

c  « 
-  3 

=  ? 

Id 

8  _ 

.  OOlOflO 
.  ( 01»60 
.001900 


c  o 

a  j 
a  E. 


.002300 


HAMMBBBD  UINOS  FOtt  A  WIHE  WRAPPED  TUBE  FOB  12-lNCH  BUEECfl- 

LOADING  RIFLE. 

These  rin^rs,  three  in  nuiuber,  were  25.75  inches  exterior  dinrneter,  and 
19.75  iuche.s  interior dia?neter,  one  beiui;  5.75  inehen  lon^  and  each  of  the 
otbers  1.25  iuchcM  lon^,  rough  tin isUetl  dimensions.  One  hammered  lingt 
9.75  iDehes  loug,  was  madefrom  part  of  a  1 6-Inch  sqnare  ingot,  oil>tempered 
and  annealed,  and  ont  up  for  tlie  tliree  hoops.  No  tensile  tests  of  the 
itirt  d  were  made.  Tlie  mjrot  was  of  a  heat  of  metal  from  wliieli  several 
gun-hoops  had  Ixmmi  inad**,  :uid  a  tensile  test,  by  tlie  Midvale  St<'elOora- 
pany,  of  a  specimen  ent  tiuui  a,  hoop  taken  from  next  to  this  one,  in  the 
«atne  ingot,  and  ainiilarly  treated,  showed :  Tensile  strength.  97,000 
ponndfl  per  square  ineh ;  elongation  after  rapture,  24  per  cent. ;  oon- 
traetioii  of  area,  40  per  cent.  It  is  believed  the  metal  in  the  hoops  would 
8h('^'\  in  tensile  tests,  about  the  standard^  quaiities  required  for  gun- 
hoopb. 

i^AMMPTan  RINGS  FOB  BEPATR  OF  TIIK  6INOH  HASKELL  HULTI* 

OUA&GE  GUN. 

Tbe^e  rings  were  re(iiiii  (»  1  t  o  be  delivered  rough  forged,  to  fini.sh  at 
^ea.st  ir»  inches  hni;jr  (17  iiichcs  if  possible)  and  2\  inches  thick,  the  in- 
terior diameter  of  the  largest  to  tap«T  fVom  '2'.V^  inehes  at  one  on(i  to  22.1 
inches  at  the  other  «ud  j  the  interior  diameter  of  the  second  to  taper 
from  20 inches  at  one  end  to  IO4  inches  at  the  other  end,  and  the  inte- 
rior diameter  of  the  third  to  taper  from  17'^  inches  at  one  end  to  1^ 
inches  at  the  other  end.  The  rings  were  forged  veiy  nearly  to  the  shape 
and  dimensions  r(>quired,  with  the  nsnal  a  llowanoeof  metalforflnishingy 
and  were  oil- tempered  and  attei  ward  aiiueaied. 
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No  tensile  testa  of  the  metal  were  uia4lc,  but  from  tho  test  of  n  Rpw 
men  cut  from  a  ring  made  from  one  of  the  inguU  ii  uiii  wliicli  liiti^e 
rings  were  made,  and  similarly  treated,  it  is  believed  the  metal  Is  of  the 
standartl  qualities  required  for  guii'hoops. 

SaLL£D  AUD  HAHM£K£D  HOOPS  lOK   /N  S-IHOH  BTEKL  BB3BEBCH* 

The  dimensioiis  d  tbese  lioops  were  as  follows,  vis : 


Xnmbor 

Iiitij  I. 

or  diam- 

or dijuu' 

ReoBTif. 

eter,    j  flter. 

Boned. 

s 

SS.S 

ao 

&85 

26.3 

210 

9.00 

Do. 

}l 

30.  0 

210 

8.50 

Do. 

31.5 

20. 3 

8.  25 

Ik,. 

31.5 

26.  3 

M.  50 

Do.  1 

•i 

31.5 

2«.3 

8.00 

Do. 

3J  5 

26  3 

0.  UO 

Do. 

25.  f« 

19.8 

9.  84 

IlAinniered.  | 

i 

2r.  2 

10.  e 

»  U 

Do.  1 

25.  2 

10.8 

1>.  'Ml 

Do. 

IS).  8 

15.  75 

7.  d4 

Do.  i 

1 

19  8 

15  7  .'. 

9.  cfO 

Do.  1 

4 

2U.5 

1&76 

a2s 

Do.  1 

1 

20.76 

18l9S 

tlOO 

Do. 

The  boops  to  be  rooKb  flnisbed,  allowincr  one  ei^rlith  of  an  inch  on  a 
side  over  these  dimensions ;  the  physical  qualities  to"  be  the  same  m 
re<|iiir<>r?  for  the  12-iuch  mortar  hoops, and  the  same  plan  to.be  followed 

in  testing. 

The  rolled  hoops  were  made  in  the  same  manner  as  th*Kse  for  the  12- 
iDcb  mortar.  The  mannfoctnre  of  the  hammered  boops  differs  from  that 
of  the  rolled  hoops  in  that  the  operation  of  roUiog  is  oiuitted  and  the 
required  dimensions  nn*  olttaiiud  as  iionrly  as  poKsible  under  tbe  hani> 
mer.  The  hoop.s  are  oil  1cim]mm  (mI  alter  lliey  come  from  thehainTner,  nnd 
from  this  point  the  operations  ot  manufaetiire  ioiiow  as  for  rolled  hoop<. 

Below  are  given  the  results  of  the  tests,  with  the  United  State^i  u-^i- 
ing  maehine  at  Watertown  Arsenal^  of  the  specimens  ftom  these  8-indi 
rifle  hoops» 
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JSuulUnf  taMi/«  U»t9  vjf  kmgrtitiaJ  spvcimniH  from  Jmrnm^rtd  and  rolUd  titel  hoop*  fc9 

^•uich  brut  h-li'uduKj  rijte. 
SPXCIHENS  IHOU  HAM31EBEO  HOOPS. 


Sptscimcn — 


_  h 

ii 


c« .... 

Cz.... 
Cx  ... 
Cx 

Ds... 
0X  ... 


s 

s 
!>5 


PcMitkm.* 


\  In. 

Insidtt  i  '■> 

Outflido  '  3 

Mid-ll©  j  6 

Inside   e 

Ooteide   8 

Middle  I  ff 

....do  ... .« ff 

•...do .......J  ff 


I 


9  . 
u  a 


Founds.  Inrh 


67.  000 
65.  00<) 
6(1.  UW 
fiS,  000 
fiTt,  UOO 
5»,  OOD 
flO.OOO 
•«,M0 


a  :  3  .  a 


e  c  u 

6^ 


.  OU-JlOO 
.0U'>167 
.0U-JO66 
.0021160  J 

ioffifftff  i 
.ooiffsa  • 

.OOUlff  I 


si 


•  •=■3 

^  si 

ill 

H 


1 17.  40'i 
US,  MM) 

115,1*80 
114,480 
100.  MO 

lll,«dff 

111,440 


mm 

i 

"I 

?  . 

3  2 

s-i 

*^a. 

a 
a  C 

.52 

.£  ». 

§1- 

a 

a 

—  b 

1 

P  rt 

.  !:■:( 
.167 

.137 

30.2 

.100 

36.4 

.107 

89.2 

.120 

M.4 

,]4t 

n,t 

.118 

a&4 

7.8570 


i 

a 


24  IS 


7.0810 


7. 


St.7» 


BPBCtllBMS  ntOM  BOLLED  HOOPS 


Az  ... 

1 

luKida  

0 

Az  .... 

OutAltie. .... 

6 

Ax  .... 

Innide  

3 

Az  ... 

4 

OiitMitle  

3 

Ax  ,.. 

Middle  

C 

Ax  ... 

6 

..do   

0 

Ag, , .. 

5 

. . .  .do ....... 

« 

Aj.... 

« 

. . ..do  ...... 

« 

M  ... 

1 

Inside  

0 

A,  .... 

2 

Ooteide  

« 

Ant  ... 

1 

Inside  

8 

All  — 

2 

Ontside... 

8 

A„  ... 

3 

Initid*^  

6 

All  ... 

4 

OiitMido  .. 

a 

All  ... . 

,'» 

Mi.Ml««  .... 

6 

All  ... 

ti<>  .  .   

e 

Bi  . 

1 

Insido   

6 

Bz.... 

0 

<)ulf»»d«   

0 

Bz 

3 

liiHido  

3 

Bz  

4 

n 

Bi. 

I 



t; 

Bt  

«» 

<  >nl.-«i(l«  

<} 

1 

Iiiiiilti   ..  .. 

8 

h  

2 

UuUside  .... 

6 

3 

Intido  

3 

S:::: 

4 

Out«ido  

3 

B«  

1 

lDeld<«   

6 

a«  

2 

Outside  

6 

B(  • « « . 

3 

IiiHido  

3 



* 

Ootside  

3 

>1 

G 


( 


u 

3 

S  I 

^  I 

*  I 

« 


e2. 000  I 

02,  WW  j 
65.  OOU  I 
66,000  ' 
fi  j.  000  j 
.•>9.  000  i 
03.000 
63,000 
G4.  OOO 
I  67,000 
.  ♦►0.000  ( 
I  63,000  , 
I  59.000  I 
'  .S6.  000  I 
62  (WO  \ 
I  58,  two  I 
I        004)  I 
55.000 
<)] ,  (  i'<i 

(',11.  Ui  (I 

<,7,  I'lXi 

65.  000 
70,  OUO 
.'•J.  000 
59,000 
57.  000 
54,000 


.001783 
.  0«-.»017  I 
.002067  ■ 
.<WI9fl7 
.  0020  .tO 
.  (HMO-'W 
.  002117  , 
.002083 
.002017 
.002133  ! 
.0<HH50  I 
.002100  < 
.0UI916  I 
.00I7('>6  I 
.002133 
.0019M  I 
. 0UI833  I 

.  lllillt.t.i 
.  (.hp:;'>imi 
.  lM)l>.ni7 
.  OirJISO  ' 
.002016  I 
.  002166 
,002300  I 
.001917  ' 
.00l8,'>0  I 
.001700 
.001733  ! 


107.  280 

.  1317 

41.9 

107. 200 

.1667 

41.9 

1(V5,  200 

.  \V.^ 

52.  2 

1(19.  240 

.  1767 

44.6 

105, 160 

.  I5:t3 

54.6 

I(V.5,  460 

.  14.-< 

44  6 

io&.iao 

.1488 

47.8 

108,640 

.tSlT 

41.9 

100,280 

.140 

U.4 

1  a.  000 

.158 

60.8 

108,  400 

.  150 

88.9 

lOH.  (lOO 

.  160 

80.  S 

\\\*,  6(W 

.  115 

27.6 

74.000 

.010 

0. 

104.  600 

.05^ 

R4 

107.  OHO 

.  115 

30.6 

103.  2M0 

.  16«> 

^9.2 

101.  Mrt 

l,W7 

:»9.  2 

KM,  Mill 

.  1>'17 

.19.  2 

lai.  (It Ml 

.  li^f»7 

39,2 

\\\.  (MK) 

.  10.'t 

3.1.6 

U'J.  (i^iit 

.147 

27.6 

113.  •;!►') 

.  IIK 

39.2 

lie.  fHK) 

.  110 

39.2 

log.  '.C'M 

.  It;? 

39.2 

111.  160 

.  l.Vl 

102.  *"80 

.  Hi) 

-17  '2 

104,440 

.1317 

39.2 

102.  960 

.  193M 

41.9 

100,000 

.1787 

44.6 

7.8881 
i'ffMS 

88.88 

«  «  «  •  0  0 

7.8eis .  ai.M 


7. 
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B^nlU  of  Icirtffo  lr«li  of  kngmHat  upeetmeni,  «|'c.— Coiitlnii«d. 

SPECIMENS  FUOM  UAMMEUEO  HOOPS— Continued. 


Bp«eliii«i»~' 


p. 

I' 

5  * 
52 


Ci  

1 

o*  

2 

<k  

a 

Cx  

1 

Cx. 

2 

Cx  .... 

8 

Dx  ... 

S 

4 

I  Inch 
000487 

.  00f433 
000333 
OOOfiOO 
000433 


BloB8«ti«Da  pn  taeh  of  length  Cftiued  bf  th«  ntideniMntloood  lMid& 


Inch. 
.  tmmi 
.ooofidu 

.0O0«lG 
.001017 
.OtHmS 
.000000 
00M16  {.000860 


5 


Inch. 

oorj33 

OO120O 
001150 
001267 
001233 
001280 
001X00 
0013M 


IK 

ill 


•3  !3 


I  /ricA. 

.001 3 '>0 

.00l.i«6 

.00130" 

. 901417 

.001307 

.001400 

.OOISM 

.001400 


11^ 

g 

Inch. 
.(101517 

.ooi.=»:j3 

.001400 

. ouietT 
i.aoim 

001A83 
001560 
001983 


s  • 
a  5 

it 


•5S 

ft  2 


I  Inch. 
.O0IHti3 
.  001067 

.ooiiua 

.001750 
.001083 
.001700 
.001700 
.001780 


i  si 


. 001733 
.  IHJ1733 
.00105H 
.UOliMK) 
.001738 

.mm 

.001750 
.001810 


«  9 


.001807 
. 001900 
.OOlRlfl 
. 001950 
.flOI'-33 

flOB(RO 
.0018X3 

001960 


B  « 

S  3 


.  002033 
,  00*J167 
.  002010 
,.0021X3 
.  002033 
WMl.V) 
008700 

oonio 


I  a  * 

o  5" 
a." 

^  a^ 


■  a  2 


Inch. 

002633 
.004833  I 
.005000  > 
.003400 
.  0044*33 
.007033  1 
.OOOOiit 
.OQSIM  I 


.  OOfiO 
.  Ol*« 
.007$ 
.OMO 
.rsOOl 
.012S 
.OlM 


» 


SPBCIUXKS  FItOSt  ROLLED  BOOTB. 


Ax  . •* . 

i5 

.000417 

.  OOOK'l.'i 

.  (Ill]  I.'>0 

.  0013(10 

. 001467 

.001017 

. 001033 

.  oon.'io 

.002150 

Ax  . . . 

.000450 

.  00(itK>« 

.  t»Ol2-.'0 

.  (rul367 

.C015r.  " 

.  iMtl733 

.0017(17 

.  Ii01933 

.  0<i2«>0 

.  UiH)iM:»7 

ml 

Ax  . 

3 

.  0003<i7 

.  OOI1K13 

. 001067 

.  0111333 

.  Oul5i>o 

. -M1867 

.  oonott 

. 001833 

. 002067 

.  OOf.300 

"119 

Ax  .... 

4 

00033  ? 

.  Oi>(>7C7 

.  (MI|(U3 
.001300 

'■.  001200 

.  0013fi7 

.  Wtl.'iOO 

.  (K)l.'j.Tl 

001700 

.001933 

.004167 

Ax  ... 

ft 

.OiHMC: 

.  iiiJoLfiO 

.001467 

.oojri;»3 

.  001800 

.(K)]817 

. 001983 

.  00248:t 

.  0()"4.'>0 

.uii: 

Ax  .... 

« 

.  000467 

.  0009:10 

. 00l2^3 

|.  0014X3 

.  001 G17 

.  001707 

.OOIH.'VO 

.  00*.'017 

.004717 

.(K)8800 

.(-l^K 

Aj..... 

.  000407 

.  oocwco 

.  i'012.Vi 

.(J01417 

.(»oinoo 

.001783 

.  (N)1817 

.  0010(>7 

.  0024 :a 

.  0«-6rwiO 

.  OllJ 

A«  

0 

.  0^104.^0 

.  Oiio3:<3 

OOiJ.'W 

i.  0O1417 

.001. 783 

.  001767 

.001800 

.  002000 

00-.'233 

'.  Oi>4S50 

At.... 

1 

. 000467 

. 000033 

.001233 

.ooi:i><3 

.0015:13 

.001700 

.  0017.33 

.  COl^iXS 

.  002007 

.002t>U(i 

.(K'T4 

As.... 

.  000433 

.(•00917 

.oor.si3 

.  001400 

.ota.^17 

.  001(i^3 

. 001750 

. 001867 

.002050 

. 004000 

.0091 

An  ... 

I 

.0004  l(i 

.0OOH66 

.001200 

.  0013:0 

.001500 

.  00168:< 

.001767 

.  OOIH.V) 

.  002400 

.(H)5.VM) 

.0097 

All  - . . 

2 

.iKMme 

.00O8M3 

.001106 

.001300 

.001438 

.OOIKII 

.  0017.T« 

.001900 

.002433 

.  0ll.'i633 

.o«or 

All .... 

3 

.000416 

.0008113 

.00I2M 

.001883 

.001880 

.  001733 

.ooiaoo 

.003(00 

.008166 

.000000 

.am 

An .... 
Aii.o. 

4 

.000880 

.000806 

.001800 
.001250 

.001388 

.001888 

.001700 
.001707 

.001708  1.002200 
.001800  !.009(U7 

.004686 

.(mm 

.008788 
.006887 

5 

.000138 

.000800 

.001400 

.0148 

Alt... 

8 

.000187 

.000800 

.001388 

.001433 

.001817 

.001800 

.001888 

.OOZlfiO 

.003800 

.0118 

iBx. .... 

.000117 

.000880  1.001187 
.000817  '.001160 

.001383 

.001517 

.001717 

.001780 

.008100  .00SS70 

.008080 

.olor 

Bx  

.000888 

.001883 

.  001517 

.001700 

.001787 

.002m 

.007083 

.0II4M 

.01c 

»x.... 

3 

.000087 

..000883  1.001)87 
r.  000833  !.  001200 

.001333 

.001633 

.001700 

.001788 

.001900 

.003133 
.008707 

. oosooo 

.008300 

.01s 

Bx  

4 

.000807 

.001333 

.00IA33 

.001007 

.001733 

.001033 

.008487 

.001 

Bt  .. 

1 

.000400 

.000800 

.001200 

.001800 

.001500 

.  Oii1ff!M 

.001683 

.001817 

.002717 

.0048 

Bt  

2 

.  OiKMOO 

.000900 

.001287 

.001360 

.001500 

.001683 

. 001733 

.  ootooo 

.  0024.'iO 

.005117 

.om 

B.  

1 

.000433 

.000900 

.001233 

.001863 

.  (XM  .'iSO 

.  001700 

.  0017.^10 

.001833 

.002083 

.OOl'Sf^ 

.•I040 

Bi  

•) 

.  1(004  IC, 

000900 

.  Wil25Q 

. 001400 

.00156ti 

.  001733 

.001766 

.001933 

.002206 

.003066 

.ooe« 

Bi    . . 

,  i.oo:j:).i 

.  ()0OK06 

.00120(1 

.  0*tlH33 

. 001 '00 

. 001700 

.001766 

.001900 

.002166 

.003800 

.007* 

B«  

4 

.  01  »():>:!;< 

.  odOKrt:; 

.0(11  UiT 

.  001300 

.001467 

.  0016rt3 

.001833 

.002000 

.002300 

.0«>«4 

TU.  . 

1 

.  1*004  ^l! 

.  ijur-'-vi 

.001417 

.  001600 

.  0017.^0 

.-tiif:':; 

.  002000 

.0O32S3 

.0080.13 

y.<    . . 

2 

.000367 

.  «i(NiK:t'j 

.  00 1.3.13 

.  (KI1500 

.  00 16*  ,7 

.  (iiii7:i:i 

.  OMl'MT 

.  (j()7:i;c! 

.out 

lU  ... 

3 

.000307 

.000787 

.001100 

.001300 

.001433 

.001633 

.(W1B«7 

.  002233 

.005433 

.oiiTitn 

.0145 

JB4  « » * *• 

4 

.000180 

^000887 

.001200 

;.0O>83S 

.001807 

.001867 

.008000 

.008488 

.007883 

j,OU» 

.0113 

*  As  to  ibioknens  of  boop,  i.  «  ,  whether  t»kea  frum  nuM*  in»id4  or  outsid*  circDnit«r«nce  "r  at  aniti- 
<iif<  of  ihicJoMM.  TiMftxoiflf  all  th6ip«oliMiiBwiM«ftlMmttiine>liD«utlioof  ai 
tbn  boop. 

tTUota«wq|«otod. 
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MSttulU  of  eampre$9io»  teats  c/  tangential  tpmlmtiM  f*om  hvmmtni  omA  fwUdl  tit^  hoopt 

ftvrtMMcA  bntek-loadlMg  lyU, 

SPBOIVBtfS  FROM  HA,lf  MBBXD  H00P8. 


LtniEtb.  I  IMuieter. 


4  .  Middle  ... 
4  [....do  


Inches 

9 
0 


Si'i  t  ional 
arua. 


1 


Inch. 
.002100 
.OOlMf 


Poll  ml f. 
.007  iuiUBr«>(  «iO,  000 

49,000  I 


From  boop 


CoBkpnMiOD  perlwdi  irfloDgthMiiMd  by  themdoniiMitioiiOdUMda. 


4£     4£  ■•=£ 

5*       32  'S* 
Nam-  If     I  I r     •  It*    '  1  ? 

'til  iyiy  111 

i 


1  a  I 


If 


o 

9 


C  O 


C4  . 

Cz. 


I  /«dk.  I  Jnek.  I  /ndk.  ■  JttoA.  i  /ndk. 
4  1.000407  LoOOOaS  .001007  LOOLSaS  '.001760 
4  j.000ie0  .00U883  '.OOlSSO  .001417  .001017 


s 

.OOltWO 
.001000 


.001013 

Qoun 


ft-*  . 
Sis 


4£ 

II 


.002100 
,.001907 


/IM*. 
.OOlSOO 


SPBOIMBNS  FROM  BOLLXD  HC0F8. 


8p«olmeB— 


Frwra  hoop  .Nam-, 
marked—    I  bar.  i 


PMlttoo. 


Bi. 

Bt 


\ 

8  Mtddlo 

4  ,.-..do.. 

5  ....do  .. 


do 


DliMMioDa. 


LoDgtb.  Diniodtor. 


SecUoual 


Inehet. 
9 
9 
9 
9 


L120  f'l 
inobM.|  j 


1.0 

iuch. 


CoiuprMNton 

n«rr  inch 

.j;f,ToT«>.  "".f-s!' 

oai  Motion.  ,  itijifc. 


F.lANtk'  limit 
piT  (Kiiiare 


Poundt. 
(^b,  <iOO 
63.  ()00 

ni.uco 

58,  000' 


Inch. 
.  (H»J050 
. 002000 
.OOllMO 
.001833* 


*BlMtleUaaU  not  wnll  dofliMd  i  ipmbOblo  olootte  Umifc  firm. 


From  1ir»op 
marktNl — 


I    CompKMloii  por  laob  of  longth  oanaed  by  Mn  iiiMl«mirationad  toad*. 


i 


I  Num- 
ber. 


3 
4 
S 
4 


5£ 


■5§ 
§1 


.  0OO4O0  '.  000867 
.000433  .000867 
.000400  1.000880 

.000491   000000  .OOlSn  .001408 


Ineh. 

(tOllft? 


Ineh. 

0(1138.1 


I 


Inch. 
,001517 
.OOl&.'IS 
1.001688 
L 001000 


Ineh. 
.001683 
001700 
001700 
.001788 


7n«A. 
.001700 
.OOITIT 
I  001733 
LoolTfT 


Ineh. 

.001867 
.001017 


8 


ll 


.002050 
. 002100 
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POEGINOS  FOK    TUE  liKEECU  ilKCUANISM  OF   12  l^:CH,  10-INCH,  AHJ> 
8-INOH  BREBOH-Z^OABINO  RIFLES  AND  CASTING  FOB  lO-INOH  BIPUB. 

The  TOQgli  lluishdd  dimensions  of  these  fbrgings  were  astbUowSi  vis 


13-iiioh  breech  lilockc 
10>)noh  hm  ch  blocks. 

8-lUfb  bl>«f  ll  lilnrk  ..4 


1?  iiu  li  siiitiillt  rj 
lO  iiuli  sjiirKUo.. 


S-iiich  Hptmlle.. 

12-bioh  leTcra  . 
l^flioh  lever 
BMnmoi  tl  rill  If 
I>» 

SIcMivecaallog. . 


Exterior 


luchet. 
15. 75 
13.75 
11.  .- 
(  11. 1' 
)  4.75 
11.6 
4.0 
1«.0 
S.25 
]».0 
1S.0 
iL0 
36.  '25 
30.25 


Interior 


Inchcti 

a.  23 

2.50 
2,0 


28.M 

31.23 
.3&.75 


Lragtii. 


lurhf.i. 
22.0 
20.25 
21.75 

4.0  \ 
26.0  J 

3.5  I 
StO  j 

1.K 

1.35 
S7.0 


With  prcJiTtiona. 
Exterior  !^urf«c«9 
joised  hy  bervL 

Do 

WiUiprqJecU«ik 
Do. 


Tlie  physical  (jiialitie.s  of  the  metal  to  be  as  follows; 

For  brfccU  bluckH  nnd  H)>indleA: 

Elastio  limit  \h-t  sqiiara  Ineh  tons..  29  toi& 

IViisilf  strf'n;^tli  ]n  r  ^^qimra  ineh   do...  45  to  50 

Kloti^atioii  attor  ru|iture  ....|»er  oeut..  Vi 

For  levers : 

T«M»Hilt'  str«'njxt)i  per  f^qtinre  inch  torn?..  36 

Eloii^Hiiou  alter  ri4»tiiio  ....pcr  cent. .  20 

For  rin;:.s : 

Eliwtic  limit  jht  «qnare  inrli  . .  -  tons..    25  J;  i 

Tom.hIU^  .stnMigtli  p»<r  oquure  iucb  -  do...  45  to  CO 

Elongation  ufler  riipture  par  Milt..  15  to  81^ 

For  tlie  alevve  csMtlu^ : 

KiRfttic  fitnit  Iter  nqnare  inoh  tons..  18  to  90 

T>-ii^ilf  st  I'l' 11(^1  h  |f<'r  s<|naro  locll  do...  40t<>  4.' 

Kli>ii:;:il  uMi  ,( (';  1  T  in p( HIT  .per  rent..    ovt»r  \0 

Work  on  this  (  (Miinu  t  liad  at  the  eiul  of  th»'  fiscal  year  prtu'ceded 
as  far  as  the  forging,  oil-teiuperiiig,  and  Hiiuealiugof  the  breech  blocks^ 
spindles,  and  levers,  and  casting  the  sleeve. 

The  breech  blocks  and  spltidles  were  forged  ftom  30  inch  square 
ingots ;  before  oil-tempcring,  the  breech  blocks  veze  roogh  boffed*  The 
levers  were  forged  from  a  io-iuch  square  ingou 
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The  results  obtaioed  in  tensile  tests  of  apecimens  from  tlixee  of  the 
lireech  block  and  one  of  the  epinclle  forgings  are  given  below : 

Hesulls  of  tenaih  (e«l«  of  tanyential  spek:ime»n  from  J'orgingt  for  breech  blocks  and  ojtiudlt). 


sp«ciiDea 


ICIndi 
Uook. 


Do   

12-lach  bruecb 


5  S 


Do. 
Do. 


T)o   

12-ioch  spiodlo. 

Do  


Middle  point  nf  ssto  8 
lnch<M  from  azi«  of 
block. 

Nr«r  fxtorior   

Mitldic  poiut  of  axU  3 
int'iii'.s  from  aarto  of 

N<';(i  cxttT  ior    .      . . . . 
Miil(llt<  point  of  nxiH  3 
Incbn  Inm  Mto  of 

block. 

N<  ill  f\t>  ii(it  . . 

Frtiiii  li<'U(i,  uiid(U<* 
point  uf  ax'tH  3  inclu's 
tV'trn  axi»  of  block. 

FiKiii  bffld, 
t«rlor. 


a 

o 

5    I  -z 


!  C  o 
<i:  C 
e  C 

f  Si 
(=■5 

If 
■  —  s 

'  K.2 


Z  u 
a 

11  o 

£  'is 

^  §  I  i  ~  ^ 


I 


=  ^  '  •  cs 
tti 


z  a 


<a 


'X 


s 
•a 

« 


3 

3 


! 

i 

M 

o 

a 

a 

are 

i 

s 

'50. 


48.  000 . 


57.  000 

4i»,  mo 


5«.  OWl 
52.  (Kit) 


/iwA.  I  Lb*.  \2n9h.'P,e. 
.  Iiai7€0  98»  840  . 1767,38. 5  7.  W25;2L  17 


001907  m,'i(ki  .20.13  41.9  :  

U01467  »4,7-iO  .I7a:J:!fl.4  j  

I      I     I    I  I 

O01600  100,  ROO  .  J.^O  33.  5  

Oyi&ti7  t»7.  000  . 1567  :tU.  2  7.8010,19.81 


8O.00O,.O01M7 


OOlWXi  102.  r«60  .  18()7  41.  ft  

001007  102,  GOO  .  (ml^l^  0  7.  »56)>;20.  SS 

M^MO  .SIO  41.   


Elougatious  per  inch  ofleUKLb  uiUM.'(l  by  tb««  niitUuint  iilioncil  loiiiU. 


10>liicb  bre«cb  block 

Do  

IMndiliTCech  block 


Do  

It^neh  qtlndlo  

Do,  


Inch.      Inch.  Inch. 

.1H>0600  .0»0f«i7  .0011.33 

mM.Vi  .  001t»ti7 

,OlM)H.!a  .(H)]UilO 

0O0.'i67  .OOOXiHi 

wmn.M  .otitioo 

0<H(Wtt  .liOl(J«7 

000»:f3  .001007 

OO0Td»|  .OWNKts' 


.  0O04'H» 
.  000300 
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*The  ■peefmni*  won  out  Ikon  dlalto  (oUoos)  atent  1|  fnotaoo  atok»  ttHtM  from  on  and  ot  tiM 

On  the  contracts  for  rolled  hoops  for  12-inch  breech -loading  rifle  and 
for  rings,  lorginge,  and  ca.stiiig  tor  lO  innh  wire-woaud  eteel  rifle  no 
vork  ha<i  bfen  doiio      to  flu'  cud  of  rli<'  fiscal  year. 

The  size  ot'tlic  rolled  Iioops  lor  i'J  inch  rifle  iniule  special  preparations 
for  their  inauutaclure  necessary.  The  time  has  been  occupied  iu  mak- 
ing these  preparations. 

The  press  of  other  work  prevented  anything  being  done  nnder  the 
contract  forpart«  of  10-inch  wire-wound  steel  rifle. 

IJtdow  will  be  fonn<l  a  tablo  showing  tlx*  rftWt  of  annealing  or  of  oil- 
teiniKMiiig  and  8ul)s»Mjin'iit  atinpaling  oa  several  steel  pit»(;es  in  iimfrtct- 
ure«i  by  the  Midvale  JSLeel  Company  for  the  Department.  The  results 
given  ace  from  tests  made  by  the  company.  It  is  to  be  regretted  that 
their  testing  machine  does  not  determine  the  elaatio  limit.  The  com- 
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pany  expect  durin/;  the  present  Hiiiniiier  to  put  up  a  Fairbank's  testiupr 
macliiiie  of  150,000  pouuds  cax)acit>,  wbicli  will  detertuiue  this pbysical 
pru[»erty. 
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In  Janaarj,  1884,  parts  of  tbe  ringn  of  metal  ent  from  12-iDoIi  mortar 
hoop9  As  and  Be.K  were  straightened  aud  teBte<1. 

The  object  of  this  experimental  work  was:  (1)  To  compare  the  re- 
sults obtained  in  the  test  of  tliese  straiulitened  specimens  with  those 
from  liie  tau^eulial  specimens  tested  lor  the  approval  of  the  physical 
qiiaHtii*8  of  tbe  metal ;  and  (2)  if  it  was  foand  that  tbe  openitfoD  ef 
straiffbtening  wan  so  performed  as  to  pre  reliable  results,  to  determine 
the  question  of  the  aiivisability  of  u.sing  large  straigbtened  specimens 
to  di  tenniiH'  t)i<'  physical  qualities  of  the  met-alinstead  of  the  abort 
tan«ieiitial  spt'cinu'iis. 

By  8ti'aiiiliteniii{4  a  portion  of  a  ring  of  metal  from  a  hoop,  cut  oflf  be- 
fbre  longh  finishing,  one  dimension  of  tbe  cross-section  of  tbe  specimen 
could  be  made  tbe  same  as  tbe  thickness  of  tbe  fini.shed  boop,  aud  test 
of  the  specimen  would  thus  show  rlie  true  physittal  qualities  of  the 
whole  hoo])  bett4'r  tliaii  the  siiorl  tangential  s|>ecimens,  provichMl  the 
Straightening  pix)ces8  did  not  injure  or  change  the  metal  in  any  way. 

The  pieces  of  rings  were  straightened  slowly  under  the  hammer  by 
pressure  only  and  at  as  light  a  heat  as  possible.  After  cutting  tangen- 
tial  test  si)ecimen8  from  the  first  and  second  rings  taken  from  hoop  Bex, 
42.4  ineiies  exteri  -r  diameter  and  3.5.1  inches  interior  diameter,  there 
remaine<l  four  pieces,  two  from  ciich  rin«^,  each  al>out  oO  inclies  long  and 
1.0  inches  thick.  These  x>ieccs  were  heated  lightly  and  placed  under  the 
9-ton  hammer  several  lames ;  the  pressure  bad  little  or  no  straightening 
effect,  however,  until  they  were  heated  to  redness  as  seen  in  the  shop 
building.  As  it  wius  thought  possible  that  the  temper  of  the  metal  might 
have  been  drawn  somewhat  in  this  operation  one  of  the  i)ieces  from  each 
ring  WMS  retempered  and  annealed  Just  sufhciently  to  restore  the  sup- 
posed loss  of  temper.  Thi  se  pieces  were  used  for  extension  specimens, 
being  finished  and  tested  at  Watertown  Arsenal. 

After  ^cutting  tangential  8i>ecimens  from  the  ring  taken  from  hoop 
A « there  remained  a  piece  about  16  incties  long  and  1.2  inobee  thick;  this 
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WAS  t$truighl4)Uiui  m  tfae  same  luauner  a.8  the  pieces  from  Uoop  Bex  and 
not  ivlempei^d.  It  was  used  for  two  compressioD  gpecimeos,  being  An- 

isbed  und  tested  at  Watertowu  Arsenal.  A  summary  of  the  results  ob- 
tained in  the  test  of  these  strai^^liteiied  specimens  is  «riven  heh)\v.  The 
results  were  very  unsatisiuctory,  bt  irjj;  very  low,  and  the  bars  not  of 
uniform  quality  throughout,  as  shown  by  the  records  of  the  several 
gauges.  The  metal  had  evidently  been  injured  or  changed  in  straight* 
eaing  or  by  the  heat  employed  for  that  operatioo. 

Btndtt  ^  twto  of  tpeeUMiu  from  Btraightened  ringt  taken  Jhm  roUed  tteel  hoop*  for  10- 

inch  mortar. 

TENSION  TESTS. 
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RBPOBT  Oir  THE  M AXUFACTrnE  OF  STEFJ.  FOR  GIJX  COSrSTBUCTION  BT 

lUE  OTIS  IMON  A^D  STEEL  COMFANY. 

BT  WILUAX  K.  Mn>CALFS»  UROTBHAIIT  Or  OBDH AHGB. 

(1  plate.) 

Under  contractor  Deccnibci-  18,  18<S3.  th«»  c()nii)any  was  called  upon 
to  furnish  12  hammered  steel  bars  4.1  inches  siiuare  and  24  feet  long, 
one  hammered  bar  of  same  croHt^  section  12  teet  long,  and  375  rolled 
steel  billets  2  iiicheA  nqnare  aud  weighing'  80  pounds  each. 

Up  t^  June  30,  1884,  14  bars  and  402  billets  were  manufi»Gtared  and 
tested.  Of  these  II  bars  and  311  billets  have  beeo  accepted. 

UNUFAOTUBB. 

Opeu-hearth  steel  was  required,  and  four  heats,  averaging  32,(K)0 
pounds  each,  were  made  to  till  the  crontract.  The  charge  for  e.'ich  weiglied 

3(5, ."■>()()  j)(>iinds,  15  per  ocnt.  being  allowed  for  wnstnire.  No  scraj)  was 
used,  pig  iron,  low  iu  phosiphorous,  aud  wrought-iroa  blooms  composing 
the  cliiirge. 

The  pig  iron  was  first  introduced  and  brought  to  a  molten  state.  The 
blooms,  raised  to  a  red  b  it  in  mufflers  situated  in  rear  of  the  Siemens 

furnace,  were  then  added  to  tii*-  liatli.  About  five  or  ton  inimites  before 
t;ip|iinc:  the  spT«>^n>I  in  lumps  was  thrown  iu,  having  been  previously 
bn>ught  to  a  white  heat. 

The  com|K>8ition  of  eadi  charge  was,  roughly  speaking,  82  per  cent,  of 
blooms,  15  per  cent  of  pig,  and  3  per  cent,  of  spiegeleisen,  tte  latter 
containing  40  ]>er  cent*  of  31  n. 

The  blnnnis  nsod  wi  re  partly  Otis  blooms  and  partly  so-called  charcoal 
blooms  from  Chautauqua,  Lake  Champlain.  One  heat  made  entirely  with 
the  former  gave  decidedly  better  results  in  the  test  of  transverse  speci- 
mens, a  fact  probably  due  to  tlie  low  percentage  of  phosphorous  con- 
tained in  these  blooms.  It  has  been  therefore  decided  hy  iho  .<uperia- 
t<'inl<Mit  to  use  hereaftc'r  only  inni  of  the  company's  raanufactore  for 
steel  to  fill  the  Goveriiiuciil  courtacts  now  pending. 

The  metal  was  cast  in  iron  molds,  both  closed  aud  opeu,  ariauged  iu 
'  groups  of  four  anil  six  about  a  central  riser  a  little  taller  than  the  molds. 
The  ingot.s  averaged  2,900  pounds  and  were  14  inches  Square  at  the 
bottom,  tafHTing  slightly  towards  the  upper  end. 

In  every  case  before  a  heat  was  selected  preliminary  tests  were  made 
:)iuHlar  to  those  required  under  the  contract. 

In  the  manufacture  of  the  billets  the  ingots,  heated  to  a  yellow  heat, 
were  rolled  down  in  the  blooming  mill  to  8  inches  square.  The  upper 
half  ot  tlie  ingot  was  then  cut  off  and  the  low  or  half  returned  to  the 
mill  and  rolled  down  to  5  inches  square,  requiring  in  all  17  passes.  This 
bar  was  cut  up  into  lengths  suOicieui  to  make  three  2-iuch  billets.  The 
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pieces  of  each  ingot  were  then  replaced  in  the  furnace  and  is^ept  to- 
gether, the  piece  nearest  the  top  of  the  ingot  being  marked.  Whea 
again  raised  to  a  yellow  heat  they  were  rolled  into  bars  2  ioohes  sqaaiei 

which  were  cut  up  into  80  pound  billets.  All  billets  from  any  one  ingot 
were  niarke<l  with  the  same  inniil>»'r.  tin*  top  billet  being  s<*r  ;ind 
afterwards  specially  uiurked  so  ay  to  be  diHtinguished  from  the  orhcr.s. 
A  O  iuch  test  piece  was  cut  off  above  the  upiwr  end  of  each  top  billet. 

For  the  hammered  bars  the  ingots  were  rolled  down  to  7  inebea  eqaarOi 
and  the  upper  half  cut  off.  The  lower  halt  after  having  been  cleaned, 
was  f()rn><»(l  into  a  'J  I -foot  bar,  4.1  iiichos  square,  under  a  3-ton  sleara- 
helve  haiimit  r.  A  test  piece  6  inches  was  taken  bf*youd  the  upper 
end  of  each  bar  ami  marked  with  the  iiumhei'  of  the  bar. 

TESTING. 

The  different  heats  nsed  were  analysed  for  combined  carbon  only. 
The  results  were  as  follows: 

Per  oeot 


HeatKo.  1   0.31 

Heat  No.  2   0.32 

Heat  No.  3   0. 31 

Heat  No.  4   0.32 


The  physical  tests  for  the  first  eight  iogots  rolled  into  billets  and 

for  two  of  the  liarnmered  bars  were  made  at  the  Washington  navy-yard. 
The  remainder  of  the  tests  were  made  on  the  Olsen  testing  machine  at 
the  Uliii  works  by  Mr.  George  Bartol  and  the  inspector. 

For  each  bar  four  testa  were  prepared,  central  and  outside,  longitudi- 
nal and  central,  and  ontside  transverse  specimens.  The  diameter  of 
tbeir  least  section  was  0.5  inch,  and  the  distance  between  nieasnring 
points  2  inches,  a  seven  eighflt^  iurh  thnsul  beinj:^  cut  on  the  ends,  , 

For  each  ingot  rolled  into  billets  two  tests  wore  prepared,  a  loiiiritiidl- 
iial  specimen  of  the  same  dimensions  as  for  bars,  aiiil  a  dtagouali^  u  aus* 
Terse  specimen  0.3  inch  in  diameter,  and  1.2  inches  between  measnring 
points. 

The  speeimens  were  annealed  in  batches  of  twenty  five  or  thirtyi  ao> 
conling  to  a  nn'thod  i)roposed  hv  Dr.  W.  E.  Woodbrid^^'. 

The  annealing  box  was  a  strong  wrought  irou  pipe,  plugged  at  the 
lower  end,  6  inches  in  diameter  and  18  inches  long ;  a  steel  cover  screwed 
on  and  closed  the  upper  end.  The  packin;^:  consisted  of  east  iron  tam- 
itiprs,  mixed  with  10  per  cent,  of  finely  divided  iron  oxide,  the  propor- 
tion nf  the  hitter  being  afterwards  inereased  to  20  per  cent,  to  prevent 
carbonization.  The  mixture  was  tirst  heated  red  hot  and  allowed  to 
ioooi  in  the  box.  The  specimens,  after  having  been  examined  as  to  ao- 
cnracy  of  dimensions,  were  bound  into  bundles  and  packed  in  the  mix- 
ture. Two  heat  tests  were  at  first  nsed,  one  beiii*^  a  piece  of  copper  with 
8harf)  ♦'dfje.s,  the  other  an  alloy  of  five  parts  eoppf^rand  one  tin.  These 
tetits  were  placed  in  boxes  made  of  inch  piping  closed  with  a  screw 
plug.  The  box  containing  the  copper  was  placed  near  the  exterior  and 
that  containing  the  alloy  in  the  center  of  the  annealing  tube.  The  tem- 
perature of  annealing  was  so  regulated  that  the  bronze  heat  test  was 
if)('lt»Ml.  the  copper rernaftunjx  nnmelted  and  eouiingout  with  sliarp edges. 
Tlie  diil'ert'iic*^  between  the  melting  points  of  these substan(!es  was,  liow- 
ever,  so  great  tiiat  at  the  suggestion  of  Dr.  Woodbridge  a  third  heat 
test  was  used,  composed  of  fifteen  parts  of  copper  and  one  of  tin,  and 
the  temperature  kept  between  the  melting  points  of  the  two  alloys. 

The  annealing  was  done  in  a  low  regenerator  gas,  furnace^  and  gen- 
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erally  took  a  little  over  an  hour,  as  the  box  was  heated  ap  very  ^prada- 
ally.   At  a  bright  red  heat  it  was  withdrawn,  imbedded  in  pulTeriaed 

elaked  lime  and  left  to  cool  slowly. 

In  .annealing  the  third  bateh  the  temperature  was  purposely  earrier! 
higher  than  inthecase  of  first  two  lots,  altbuugb  stiii  kept  well  wulim  tlie 
melting  point  of  copper.  On  pulling  these  t4>sts  it  becauie  apparent 
that  their  physical  properties  had  been  injured.  The  fracture,  instead 
of  being  silvery,  was  semi-crystalline  mnl  cryfltalllnet  and  the  nltimate 
extension  and  eontractiori  of  area  fell  below  what  was  to  be  expected. 

Additional  tests  w«'re  made  of  tlie  same  steel,  the  thin!  lie  it  rest  being 
used,  and  the  teniperuture  kept  down  to  what  it  had  lx;eit  lu  Lbe  lirst  two 
ann^iDgs.  A  comparison  of  the  results  showed  that  the  higher  tem- 
perature had  materially  impaired  the  extensibility  and  contractlbility 
of  the  speeimens  without  noriceably  aflfectiui,'-  tticii-  tenacity. 

Specimens  annealed  in  tiie  manner  described  cuuie  from  the  box  look- 
ing bright  and  uiitarnisheti. 

Exp^ments  were  made  to  determine  the  amount  and  depth  of  car- 
bonization experienced  by  the  tests  while  in  the  annealing  box. 

Two  pieces  were  atmealed  in  tlie  usual  manner.  OH'ol"  tlie  first  piece 
turuiD^xs  were  taken  from  the  outside  an«l  from  near  the  center,  and 
analyzed  with  the  following  results:  Combined  carbon,  outside,  0.49; 
center,  .036.  From  the  second  turnings  were  taken  as  ft'om  the  first^ 
and  also  at  about  one-sixteenth  of  an  inch  below  the  snrface,  lodetennioe 
the  depth  at  which  carbonization  took  place.  The  analysis  gave :  Com- 
bined carbon,  *  wit  <ide,  0.46;  intermediate,  0.38;  eeiit<  r,  0.37;  showing 
that  the  carbon  had  not  penetrated  to  any  extent  into  the  interior  of  the 
test  piece.  The  length  of  time  during  which  the  si)ecimen  is  exposed 
to  the  carbonizing  action  undoubtedly  determines  largely  the  depth  in 
question. 

The  percenfnjre  of  iron  oxide  was  then  increased  to  20,  and  similar 
experiments  made  with  a  view  to  lenseniug  the  earbonizinjj  aetinn,  but 
without  satisliictory  results.  The  ett'ect,  however,  upon  the  physical 
properties  of  the  test  is  probably  Insignificant,  owiog  to  the  alight  deptti 
to  which  the  action  extends.  In  one  case,  where  20 per  cent,  of  iron 
oxide  was  ns;ed,  a  notieeable  decarbonizing  action  was  shown  by  the 
analysis  to  have  tak<'n  ]daee. 

Combined  carbon,  outside,  0.32  and  0.33  j  center,  0.40  an<l  0.41. 

The  results  of  all  the  tests  made  at  the  Otis  works  have  been  tabu- 
lated and  hereto  annexed.  The  measurements  were  made  with  microm* 
eter  pHipres  readin;;  to  .001  of  an  ineh. 

The  hohlrrs  ot  the  specimens,  eonstructed  accordin;;  to  the  sugges- 
tions of  Dr.  Wood  bridge,  i)roved  to  be  very  serviceable.  The  two  cen- 
ter wedges  which  in  the  Olsen  machine  clasi>  the  end  of  the  test,  wefe 
vemoTed  and  replaced  by  a  single  wedge.  Through  the  latter  a  hole  was 
bored  for  the  passage  of  the  arm  of  the  holder.  An  aeenrately  tunted 
socket,  sunk  in  thenpfu  r  snrface  of  the  wedge,  receive<l  a  bemispheriral 
head  on  the  end  of  the  arm  oi  the  holder.  With  this  arrangement  the  ad- 
justment of  the  axis  of  the  specimen  in  the  line  of  greatest  strain  was 
easy  and  perfM,  as  the  head  of  the  holder  turned  readily  in  its  soeket 
when  any  cro.ss-strain  was  brought  to  bear  upon  the  specimen. 

A  number  of  thin  transverse  j)late8  were  prepared  for  the  purpose  of 
examining  thecontinuityof  the  steel.  These  plate.s  were  generally  taken 
from  billets  whose  test  i)ieces  showed  flaws  or  some  peculiarity.  One 
side  was  smooth  finished,  and  examined  under  a  glass  Ibr  defeets  of  eon- 
tinnity,  and  afterwards  bulged  by  hammeriogoron  the  testing  machine,  to 
Open  or  extend  such  defects,  and  the  surface  ai^ain  examined.  Most  of 
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fhefle  plates  were  sent  to  the  onlnanoe  office  ibr  ezamlnatioii.  Those 

tested  at  the  Otis  works  showed  ooosiderahle  variations.  In  fill^  bulgi  ng 
developed  defects,  but  tlieir  size,  number,  appearance,  and  distribution 
varied  j^reutly.  If  a  flaw  of  any  size  existed  in  the  plate  it  soon  opened 
at  that  point,  and  eraeks  radiating  from  it  showed  up.  In  other  cases 
the  metal  stretched  equally  throughoat  the  plate,  the  small  opeDiugs 
noticed  being  evenly  distribnted  over  the  whole  bulg^ed  snrfiK^e* 

The  bars  and  billets  were  also  inspected  for  dimensions,  cracks,  flawsy 
or  laps,  and  each  as  were  fonnd  unsatiBlkctoiy  rejected* 

OABT-SXBSL  OYUNDEB. 

Id  conformity  with  the  iostructions  contained  in  a  letter  from  the 
Chief  of  Ordnance,  dated  Febniary  14, 1884,  the  Otis  Iron  and  Steel 

Company  made  for  testa  trial  cylinder  of  cast  steel  24  inches  in  diameter 
and  5  feet  lt)nf;.  It  was  made  of  ()i)en  hearth  steel,  from  a  heat  of  31,000 
IH)unds,  and  cast  in  a  sand  iiioM  witli  a  sinkiii";  liead  equal  to  thelenpfth 
of  the  cylinder.  The  mold  was  lined  with  thin  sheet  iron  to  preserve  it 
from  injury,  the  metal  enterinfr  at  the  upper  ^nd  of  the  mold  cavity. 
The  resolting  ingot  was  10  feet  Ion;;,  25  inches  in  diameter,  and  weighed 
in  the  neighborhood  of  17,000  pounds. 

A  mean  of  seven  analyses  niadeof  borin;;s,  tnken  from  different  parts 
of  the  cylinder,  was  as  follows:  (Combined  carbon,  0.55  i>er  cent.;  sili- 
con, 0.13  per  cent.:  phosphorus, 0.020  per  cent,  j  manganese,  O.OG  per  cent. 

The  ingot  was  left  in  the  pit  to  cool  slowly  for  two  days,  and  after- 
wards removed  to  the  machine  shop,  tnmed  down  to  24  inches,  and  the 
upper  half  cut  oil".  A  G  inch  hole  was  then  bored  through  the  center, 
when  the  cylinder  was  ready  for  annealing.  It  was  placed  in  a  ic^ien- 
erative  gas-heating  furnace  with  doors  at  both  ends.  A  piece  of  iron 
pipe  was  inserted  in  the  central  hole  at  each  end  and  projected  some 
inches  beyond  the  doors,  which  were  bricked  np  abont  the  pipes.  An 
inch  steam-pipe  was  conducted  to  one  of  these  pipes,  by  nieiins  of  wbidi 
a  je*^  of  steam  eoiild  be  thrown  in  and  a  strong,'  enrrent  of  cold  air  pro- 
duced thr()ii;;h  the  bore  of  the  cylinder.  Tlie  teiiii)eratin e  was  raised 
gradually,  the  llame  being  directed  alternately  above  and  below  the 

S Under  to  insure  even  heating  throughout.  When  at  a  yellow  heat 
e  gas  was  shut  off  and  the  cylinder  allowed  to  COOl  in  the  ftimaoa 
over  night,  the  blast  being  left  in  action.  Xhis operation  was  repeated 
three  times. 

The  cylinder  was  then  removed  to  the  lathe  and  a  ring  1.25  inches 
thick  detached  from  each  end,  from  which  langeutial  and  radial  speci- 
mens were  idPterwards  taken*  Another  ting,  2.5  inches  thick,  was  cnt 
from  tiie  lower  end,  to  be  tested  for  initial  tension.  The  remainder  of 
the  cylinder  then  received  two  thron;;li  cuts  lengthwise,  removing  two 
slabs,  3.25  inches  thick,  on  opposite  sides  of  the  boie.  From  these  slabs 
10  specimen  pieces  were  taken,  each  piece  being  stamped  with  a  num- 
ber and  the  lower  end  marked 

In  all  28  specimens  were  taken  from  the  i^linder,  as  follows : 
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Tbesp  speHmeiis,  with  the  initial  tofi>sion  riTijr,  were  shipped  to  tbe 
coiniiianding  officer  of  Watertown  Arseuul  for  test. 

T}i6  success  attained  at  these  works  uuder  the  able  muiia;;emeDt  of 
Hr.  S.  T.  WeHmao,  the  eapertntendentyiii  tbe  mantifiustareof  wrought- 
iron  blooms^  usitig  rotary  puddlere,  deeervee  remark.  As  it  ia  the  only 
X)l;nit  of  its  kind  in  oi)eratioii  in  this  country^  and,  with  the  exception 
of  tliat  at  Le(Jreusot,  about  tlu*  same  in  size,  the  only  one  in  the  world, 
the  following  brief  description  of  the  piuces8  (for  the  details  of  which  I 
am  indebted  to  Mr.  George  Goetz,  in  charge  of  the  bloomy)  may  be 
of  interest  to  the  department: 

The  plant  consists  of  a  Siemens  regenerative  gas  furnace  for  meltinp: 
the  pig;  two  gas  producers ;  t wo  rotaiy puddlersof themodiHed Dank 
pattern,  and  a  lu  ion  steam  hammer. 

The  Siemens  fbmace  has  a  capacity  of  30,000  ponnda  molten  pig.  In  i 
construction  it  diileis  from  the  ordinary  pattern  in  having  the  heating 
chambers  placed  in  pairs  on  either  side  of  the  main  supporting  pillars, 
throufjh  which  pass  the  flues  for  the  entraiic*'  of  tliP  irnn  and  air  into  the 
furnace  and  for  the  exit  of  the  products  of  conil)ustion ;  the  advantage 
of  this  arrangement  being  that  the  particles  of  slag  carried  into  the 
flnea  by  the  £an|?ht  fall  into  pockets  at  tbe  bottom  of  the  flaee^  and  not^ 
as  is  the  case  with  furnaces  in  which  tbe  flues  open  directly  into  these 
chambiM  s.  into  the  chambers  themselves.  The  bottom  of  each  pocket 
is  an  inclined  surface,  allowing  the  slag  to  run  out  at  an  opening  in  the 
lower  end. 

The  bed  of  the  fiiniaoe,  ipatead  of  resting  upon  the  briok  arehea  of  the 
chambers  beIow,issbpi>ortedb,y  iron  trusses  which  run  over  to  and  rest 
upon  the  main  pillnrs,  thus  lelievin*;  the  an-hes  from  a  limw  Innd.  A 
considerable  space  i^i  lett  free  between  the  bottom  of  the  boiili  and  the 
brick  work  below.  Although  this  construction  would  seem  to  have  the 
disadvantage  of  preventing  the  inmace  bed  ftom  heating  up  rapidly,  it 
ia  not  found  to  be  so  in  iinictiee.  In  the  melting'honse,  where  the  for* 
Tiaces  are  of  the  same  kind,  a  heat  of  3ti,000  jK^nnds  Of  Steel  has  bean 
made  in  lonr  and  a  half  h(tnrs. 

The  pro<incer  situated  imuicdiately  in  rear  of  the  furnace,  is  of  novel 
pattern.  Its  eztertor  form  is  that  of  a  circular  cylinder  14  feet  high. 
An  outer  casing  of  boiler  plates,  riveted  together,  contains  the  reflractory 
lining,  which  is  al)ont  9  inches  thick.  The  interior  section  is  a  quadri- 
hiteral,  bonnded  by  curved  lines,  tlie  spaces  between  the  casing  and  lin- 
ing bein;;  tilled  with  common  brick.  About  2  feet  from  the  bottom  is 
the  giate,  above  this  the  interior  widens  op  to  half  its  bei^t,  and 
then  contracts  fh>m  a  diameter  of  6  feet  8  inches  at  the  widest  part  to  4 
feet  8  inches  at  the  top.  A  large  body  of  fuel  is  thus  secured  in  that 
portion  of  tin'  ]»?ndncer  in  which  deoxidatioii  is  to  take  |)lace.  i 

The  dralt  is  piodnced  by  a  steam  blast  playing  into  two  6  inch  air-  ' 
pi])es  which  enter  the  furnace  on  either  side  and  below  the  grate.  The 
amount  of  steam  to  be  nsed  is  a  matter  of  im}iortance,  as  an  excess  gi  vea 
an  inferior  quality  of  gas,  while  a  deficiency  impairs  the  draft.  For 
a  producer  of  the  size  describf  d  :»  stcjni!  ]( t  of  live  tliirty  serouds  of  an 
inch  diameter  is  nsed,  with  a  pressur  e  of  one  loui  th  of  an  inch  of  water. 

The  resulting  gas  contains  more  combustible  gases  than  are  obtained 
from  the  ordinary  producer,  via:  4peroeut.  COt*  27  to  29  percent  GO, 
11  to  13  per  cent,  of  H,  and  about  6  per  cent,  of  bydrocarbona  (Cj  H^). 
The  high  percentage  of  H,  resnltiug  from  tba  decomposition  of  Ch^ 
steam  is  noticeable. 

Tbe  charge  for  the  melter  in  uiadeupui  (liherent  kindsof  pig-iron,  sothab 
the  molten  mixture  will  contain  the  proper  amottntof  atticonand  man- 
ffaneaci  whioh  ia  from  0.8  to  1  percent  of  Si.  and  aboat  1  per  cant  of  Mn. 
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This  retiucU  pi^  is  tupped  oil'  a8  retjuiied  into  a  ladle  Loldiug  2,500  to 
3,000  pouuds  which  runs  ou  a  track  in  frout  of  the  puddlers. 

The  paddlenare  modifled  Banks^  haTiDg  a  dram  8  feet  6  iochee  loBg 
from  ring  to  rinp:,  and  a  diameter  of  G  fwt  G  inches.  The  iuitial  lining 
is  a  mixture  of  50  per  cent,  of  gronnd  hematite  ore  and  50  percent,  of 
elfikcd  linie.  Upon  thibciaeked  ore  is  placed  and  melted,  au  operation 
taking  about  two  Itours.  luto  thi»  liquid  bath  luiupi^  ot  ore  about  the 
size  of  a  man's  head  are  thrown  and  become  oemented  on  the  liolog, 
acting  afterwards  asa  rake  to  stir  the  charge.  A  ftx  tests  on  an  avenge 
five  beats. 

The  i)i}^-ir()n  is  poured  on  a  hot  bottom,  the  drum  making  about  ten 
revolutioiiM  per  miuutc.  Pig  of  the  above  eompositiou  will  tioil  iu  about 
Hye  minutes  and  come  to  natnre  in  ten  or  fifteen  minutes.  It  Is  then 
8l)ai>ed  with  tools  or  balled  ap,**  and  is  ready  to  be  drawn  and  pnt  un- 
der tlie  hammer. 

The  8la<;  piorlnced  is  wry  basic,  and  a«i  a  coube([uen('e  the  amount  of 
phosphorus  iu  tue^e  iilooinn  is  remarkably  low,  an  average  of  the  an- 
alyses for  one  week  beiug  0.007  per  ceut»  If  any  sulphur  Is  present  in 
tiie  pig,  about  0.50  per  cent  of  the  eharge  is  limestone!,  whieh removes  it 
very  effectually,  forming  Ca  S. 

The  percentage  of  silicon  in  the  pig  is  !)i'j)ilv  important,  as  too  little 
gives  blooms  which  will  not  hammer,  and  too  mneh  is  very  destructive 
to  the  bottoms.  The  production  is  large,  Ko.  1  drum  averaging  during 
one  week  while  the  inspector  was  at  the  works,  30,000  pounds  of  ham- 
mered blooms  per  day  of  ten  hours* 
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492  72,  7tWUI.U5  33.20 
299  72, 430  31.43  19.08 

497  75.  520  .'iO.  70  :«2  W 
.29fl70.K70  3l.     1!>  >:! 

4W  74.  770  5a  »7  a  1.55 
2yH7l,  H.'lUi.  00  19.  33 
4M»74,V»i  liO.  20  31.3.') 
298  70, 290  40.  Oi>  27.  00 
499  74,  0H\  59.  18  31.8.'i 
.299  75. 140  30.no  17.  58 
499  74, 440  59. 3'.:.  35 

'  I  I 


o 
« 


a. 

o 


2 


i 


;  Top  liiilet  nuectod  and  additional  tamtm 
I  mode. 

-  Do. 


V.rv  flu©  flow 
tjtictare. 


•  These  tests  aanesled  in  different  loto. 
I  lop  iiuiat  tnloQtod  «d4  addlttoaai 


J^miua  iut»  auMfe  Aiigu9t  is,  1684.* 


7 

84 

L, 

Billet  

7 

34 

T. 

 do  .... 

C 

41 

L. 

 do  .... 

n 

£ 

....do  .... 

6 

— do  .... 

8 

42 

I: 

....do  .... 

6 

43 

 dn  .... 

8 

43 

T. 

.  ..  do  .... 

« 

47 

L. 

....do  .... 

8 

47 

T. 

...  do  .... 

fi 

4X 

L. 

...do  ... 

6 

4H 

T. 

...do  .... 

rr 

r,.-) 

I.. 

...do.... 

7 

65 

.  . .  .do 

8 

71 

L,' 

. .  do  .... 

8 

71 

T. 

...  do  .... 

8 

72 

L. 

. .  ihi  .... 

• 

78 

T. 

— do .... 

• 

a 

L. 

Billet.... 

9 

m 

X. 

....do .... 

49;i'«i,  M]  ."J.  -m;  L'y.  7.") 

.2HS72.  «y«|ifi.  57  11.^ 
.4:«»78,8H0.t6.  12  31.50  |  t  •> 
.29f  78.  140  25.71  ia83  '-g 
.  4;<1>  81.  990  .VJ.  0«  29.  50  i  5  «  « 
.S(j(t77,:52i)26.76  1«.42     ^'5  = 
.41IM80,  a71  .>4.36  31.65  '  -  « 

•Jl)7  70,  H7i>  14.  49  7.  92 

4fth  K'.'.  1"2  .SI.  28  29.  70 
.2».'.K0.  1.MI22.06  17.  92 
.  4<i:i  7!».  9,'.i»;.'i4.  45  30.  05 

2'J,%7(;,  4:ii»29.  41  19.83 

4((r>77,  .VH(.V2.  60  32.  00 

29'*  7J,  7li»34.29  2l.58 

4i(!»S1.8'>i).Sl.53  2«  75 

2^)^  72.  ()0i>;25.  71  13.87 

M»UJvi!,c:>3i53.06  30. 15 

fiooiia,i94f6Ltmir' 

»»7ikUtS5  njl4.7l 


I  AUMDoteftomlagetMlfaMlIy  rtueotai. 


^  Retested  »nd  floally  rofoeted. 
I  All  billets  from  inffot  43  finally  n^ieetcd. 
^  Retestod  aud  tiuidly  rtyecled. 
>R«  tested. 
Do. 
Do. 
Do. 
I  |Betefttod. 


*TbeM»  tests  of  ten 


ingolBhad  to  be  repeotod,  oseept  to  the  omo  of  Vol.  M 
•".'^  III  mJotiIbj  opooimoM  Aw  odditioMl 
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Is 

« 

■ 

e 

o  • 

.-5 

.s 

E 

J 

•A 

E 

T 

a 
J 

if 

3 

»^ 

J 

7 

36 

L. 

BUlet 

7 

36 

T 

...  .do 

7 

37 

L. 

....do 

7 

87 

T. 

 do 

7 

88 

L. 

...  .do 

7 

38 

T. 

. . . .do 

7 

:i9 

L. 

...  -do 

7 

80 

T. 

 do 

40 

L. 

....do 

7 

40 

T. 

••••dA 

4t 

L. 

....do 

41 

T. 

..•.do 

42 

L. 

42 

T. 

.•••did 

44 

L. 

 do 

41 

44 

T. 

 do 

« 

45 

L. 

-  do 

6 

45 

T. 

 do 

6 

4U 

I.. 

.  ilo 

e 

44» 

T. 

....do 

« 

47 

L. 

— do 

0 

47 

T. 

 do 

6 

48 

L. 

— do 

6 

48 

T. 

 do 

8 

49 

L. 

— do 

8 

40 

T. 

 do 

8 

50 

L. 

— do 

8 

50 

T. 

....do 

8 

51 

L. 

 do 

M 

T. 

 do 

8 

r.2 

\- 

.  do 

T. 

.  .  .  '  1  ) 

8 

53 

L. 

..  «to 

< 

53 

T. 

 do 

8 

55  \ 

L. 

 do 

« 

5:> 

T. 

. .  do 

69 

L. 

 do 

8 

59 

T. 

— do 

7 

L. 

 do 

7 

or. 

T. 

....do 

7 

Gfl 

L. 

....do 

7 

or. 

T. 

 do 

0 

71 

L. 

 do 

0 

71 

T. 

 do 

e 

72 

L. 

 do 

6 

72 

T. 

..do 

9 

83 

L. 

 do 

9 

83 

T. 

...do 

1 

30 

L. 

....do 

T 

86 

T. 

....do 

7 

87 

I*. 

....do 

7 

87 

T. 

....do 

39 

L. 

...do 

T 

39 

T. 

...do 

7 

40 

L. 

....do 

7 

40 

T. 

 do 

i 


§ 

I 

•» 
■ 

J 

o 
u 

« 
S 

.In. 


»•  .5 

c 


Lbt.  r.  ct.  p.  c 
175. 230  51.  I 

.?9f!'fl<».  56(m.  HH-JO  ! 

.         i\Ti     ".7  : 
.do          2»»ie»,  bm    om  i  h. 

..L496|74,7l06ii.  ■.!0  31. 
..'.299171.000  35.71  m 


...  .297168.550  30.  44  19 
...  .  496174,  870  51.30  30. 
.  29:^168, 900  2S.  37  16. 


.  495  79, 

298^71, 


427  51.J5C.'iO.  BO 
410|3L  13 13. 93 

sue  4IL  74180. 9« 

430  24. 28 1ft  83* 


76Jg 


499  77,760154.0831.80 
208  71.  MOISS.  71  1.5.83 
.496  70. 170  52. 85  :i2.  (K) 
.  299  72. 570:27. 14  22. 67 
.497  76,550  54.  12  32.50 
.  295  72, 060      7«  22. 08 


499  75, 
iilill  74, 
77, 
.29972. 
499'7». 

297  7^1. 

498  iM, 

298  76, 

496  78, 

;fuo  77, 

.  -li^ti  7c. 
.  ■J'.*7  7.H, 
.  490  61, 
.  29.)  78, 
.499HI. 
.  2'.i!i  7f., 
.499  eiu, 
.  299  7H. 

499  73, 
.298  71. 
■  49'4  74, 

'MM  7", 

499  74. 

299  71, 
499  80, 
293  74, 

497  76^ 

300  72. 
497  75. 
29970, 
49974, 
29669, 
497,75, 
300  70, 
49874, 
•00^6^ 


I 

820  54.  59  3:i.  lO! 
510  12.67  14.50 
400  52.  U4  31.  75 
7J0  21.43  12. 67 

9(MI  54  0«  32,  40" 
'.'i>o  :u;. '.':!  -ji).  it) 

IJti  .hL  '4'2.  Hi) 
«60  35.71  20.  83 
240  54.  40  32.  05 
040  3,5.  21  22.  25 
4«0  r.2.  .Il  32.  5«» 

•.'('.()  A.i.  :ri  18, 08i 

OM  4».  72 .30.  70 1 
090  27.  94  20. 17 
H8(i.V»,  5.'i3l.05' 
7ln  h.',  -ji,  07 
920  50  00  30.  H.S 
000  34.  29  20.  f>8 

L".t  JO,  f3 
•JO  31.  80 
10  23.  92 
490  55.  61  33  ».*> 
860  25.71  17.7* 
000  5L  53  31.1 
180  28. 36  19.  92 
850  56. 70  3.3.  00 
110,28.17  19.  08 
a00iS8.0»8LM 
570  2&  71124,  S6 
80053.  Off811& 
380i2L7«IA.O0 
SerlSL  03^32. 20 
00021.1316.88 
07052.3132.20 
OlO2e.702LO8 
i        t  i 


o  o 


520  52 
710  St 

.M  l 

4'J'i  :rj 


•i 

c 
u 

w 
c« 
e 


a 

o 

o 


I 


I 

I 

S 
o 


)  Top  billet  rejected  and  bottom 
5  lot  looted.  Soobolow. 

I  Bo. 


}Top  billet  roll 
5    billet  Icatod. 

i  I>o. 


of  89 


(  flav  of  broimiiliooliHr  ok- 

<    t«adlTii;ii«raoiifnu)tiR«or  > 

(    transver^ti  tent.  ) 

I  All  bUleto  from  iagot  Ko.  42  r^Jeotod. 


}  Top  bilUt 


Ui'VHt^lliue  Hpot )  Ail  billets  ftom  ingot 
in  fractare.     >    V9,  47  l^Oelod. 


Top  billet  1 
Do. 
Do. 

Ha 

AH  WlMo  from  iBflDt  No.  88  ndootei. 
TopMltaivqfoelod. 

Do. 

Do. 
Do. 
Da. 

An  MMl  fton  iiiKOt  lKo.91  c^wM. 
An  Ulloto  ft«B  iagoi     10  i^««lod. 
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5 


J 

S 


L. 

T. 
L. 
T. 
L. 
T. 

T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 


Original  tertt  mtult  Sepimbtr  13,  1884. 


a 
o 


Billet . 
...do  . 
...do  . 
..  do  . 
. .  do  , 
. .  .do . 
...do  . 
..do. 
...do. 
..  do . 
. .  .do  , 
...do . 
...do  . 
...do  . 
...do  . 
...do . 


Lbs 
407  jr.  630 
.  2M,74,  120 
4(W  78, 4m 
.2W71.570 
48970.530 


54.  36  31.  flO 
15.71:  9.1H 
35. 10  31. 


40877.880 

297  71, 2«i 
49^70.410 
280  73.  m 
.  407  7K  660 


23.19ia.fi0 
5.-i.a8t2.65' 

22.8613.02 
54.1231.00 


4MM.670 


80074,014023.0116.92, 


300  74.  37U  30.9910.58 
.  49j  J>0.  0.'.0  55.  73  31.  »5 
300  75,21U|21.UW42. 


P. 

5 


1 1  All  biIl«<tA  fmrnlngotfil  nfao 
WH  flirww 


5  [Two  sUcht  flawA 
fnotaro.J 


floioiift  Idlloto 
flUoottt 


SUMMARY. 

AU billet*  r*jectf<!  of  ingots   HT.  4n  4?.  43.  47.  .%3. 8» 

Top  billrti  rfject»«l  of  lugotn   .   3«.  39,  41, 48,  4U,  ^U,  51,  52,      i3,  65,  66,11,  72, 83 

KumluT  of  billctrt  iniUiiifHCtiired  to  fill  nec  otnl  rontinct  (five  ho;itsj   . . .  Ti8 

T»iiiiih«  r  of  l)ili((H  iijf.  tf«l  for  f»«Uuri»  in  )>liy-ii:ul  ii»t«  to  conic  up  to  apeciflcationn  of  contract  ...  Ii5 

Niiiii  r  rof  liilli  ts  rt.jet.'t<'il  foi  ciarki,  lup.s,   ,   4S 

IN'uiiiUur  of  billets  »coepted  as  aatUloctory  669 


REPORT  OF  MECHANICAL  TESTS,  MADE  WITH  THE  VNTTED  STATES 
TESTIX<r  MACHINE,  CAFACITY  HOO.DOO  POrXDS,  AT  W  ATEinOWN  ARSE- 
NAL, MASSACaVSEli:S,  FOR  THE  ORDNANCE  DEPARTMENT  U.  & 
ABMTf  WASHimTOir,  I>.  C. 

TESTS  BY  TENSION:  18  OAST-STEEL  SPECIMENS  PROM  TRIAL  CYT  TN- 
DERJ  1  OAST-S  l  iiiiiL  BING  FOB  DIIXIAL  TENSION  J  4  OAST-SriiiiL 

Anguii  23^  1884. 


Ko.  307. 

4    


£li*rkoo bw,  1}  diameter,  .5(H  inch;  nectiooal  area,  .'^  aqaare  iaeb.j 


Ana* 

Tom. 

Per 
Hc^oare 
uich. 

EloDfta- 
tlon  ptr 

slve  clon- 

gaUou 
pirlaoh. 

Ponua- 
aeat  act. 

SnPC«a- 
slvf  jier- 
tnanent 
Mt. 

Remarks. 

190 

800 

750 
1«000 
1  IftfO 

1.000 
2,000 
3,000 
4.000 
8^090 

Tiuk. 

0. 

.00flO»3 
.OO0U68 
.000109 
.009117 

!ooooflo 

.000017 
.900017 

a 

laUklM. 
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Ap^iad  load*. 

tion  per 
inoD. 

SVMMH- 

TOtM. 

ttivdk  ninn. 

pv«  mill* 

Poundt. 

Poundt. 

Inch. 

Inch. 

l.SOO 

6.000 

.000133 

.  0000 1 fi 

1,750 

7.000 

. 0O01C7 

.  Oi>UO,'!4 

2.  OltO 

8.0U0 

.  oot)",;(>o 

.  i'yoo33 

2.  2  »0 

9.000 

.  000250 

.  OWMi.50 

2. 

10,000 

.  000300 

.  O00O.'>0 

2.  750 

11,000 

.  0(K»300 

0. 

8.  000 

12.  000 

.  000317 

.  0<MI01  7 

3.  'J.'K) 

13,  000 

.  000350 

3,  o<KI 

14,  OW) 

.  000400 

.  tlOlHt.'iO 

3.  750 

15.  000 

.  000433 

.  I)0IHI3.'I 

4.0O0 

16,  000 

.  00O4t*3 

.  00tM».'<0 

4.250 

17.  000 

.  000500 

.  0<iO0l7 

4.  54>(> 

18.  000 

.  000.>33 

.  004)033 

4.  750 

19,0.0 

.  000550 

.  00<K)17 

5,  W)0 

20,000 

.  oooctto 

.  OOOO.jO 

5.  250 

21,  000 

.  000<5I7 

. 000017 

6.500 

22,000 

.  000650 

.  0000.33 

5.750 

23.000 

.  000683 

p_ ff^ «^ 

.  000(^ 

6.000 

24.000 

.000717 

.000034 

6.250 

23.000 

.000738 

.OuOOlO 

6.  5<>0 

20.000 

.  OOOMO 

.000067 

6. 750 

27.000 

.000888 

.000088 

7.000 

29.000 

.000880 

.000017 

7,180 

SOlOOO 

.•00807 

.000017 

7.500 

80.000 

.000000 

7.  750 

81.000 

.000090 

Ok 

8,000 

32,000 

.000068 

.OOQdIS 

8,250 

33.000 

.001050 

.000087 

8.500 

34,000 

.001083 

. 000033 

8.750 

35.000 

.001117 

.0000.14 

9.000 

36,000 

.001150 

.  000033 

8,  250 

37,000 

.001200 

.  0000.50 

38,000 

.001233 

.  0004X33 

9,750 

39.000 

.001267 

. 000034 

1A  MA 

Alk  AM 

C  .  001617 

.  0003.50 

}  .  OO'.WH 

.  0012G6 

10,  250 

41,000 

.  Oti''7-'l 

.  OOoOiK)  1 

10,  500 

4  .'.  (H>0 

.  On.^il  7 

.001234 

10,  750 

4;t.  o(«» 

.  (H».'>.'>07 

.  000550 

Il,04»0 

41.  (MH) 

.  01M»3<I 

.  00081 B  ' 

1 1 ,  .'So 

4.'>.  000 

.  tKH)'l'.() 

.  000507  1 

11.  :m 

4li,  IM>0 

.  01(77  17 

.  O0(l7ff7  : 

11.  -rM 

47.  000 

.  0<l8i33 

.  0014 1 6 

ivi,  iioo 

4X.  OOO 

.  OO'.t.'OO 

.  ooim;? 

IJ,  L;f»o 

49.  OOO 

.  O0".»7.')0 

.  Ooii5.'>0 

I  J.  500 

.50.  000 

.  010700 

.  000950 

13,  0<iO 

ft  >.  (K)'l 

.0133 

.  0026 

13.  .^00 

51.  000 

.01.')0 

.  0017 

n,  u<H» 

.5«i.  000 

.0167 

.0017 

14.  .  00 

58,  m) 

.0183 

.0016 

15.  000 

fill,  000 

.0200 

.OOiT 

15^220 

0U,8iM) 



Permft- 
nentMi. 


Inch. 


0. 


.000000 


.000017 


.000017 


.000007 


001567 


.005887 


.000017 


•••• 


.000017 


KlasUc  limit. 


.008800 


.003433 


Miorometer  re> 


DltimaUi  fitrongth. 


,mm  load. 


OBN£HAL  SUMMAKV. 

Sporill*  fniTttj  .*.  Bm  V«.17. 

Harda«M  SmKo.  17. 

Tt-tiKile  NtmiKth  p^r  aqiiMv  iaeli  ti  •riftlaN  oooUod  pound*. .     60, 880 

ElAMtic  liiiiit  p0raqiiM«fM>b(if  (NiglBUMetion  do  ..  80,008 

BlouKiit  ion  p«r  Inen  afli>T  mptnre   Inch. .  0. 08 

iilon  pc'-  inch  iindir  utrMin  at  elMtieUmit  do. ..     .  001287 

Im-tiou  ia  diamrtfr  at  point  of  ruptiira  do. . .     .  014 

Is  aiv*  afUir  inpture,  per  centum  of  original  Bection   0 

I  of  niptnre    1.90  fmrn  nock. 

of  broken  iiurf.i4  0  -  .Kranolar* 

TUo  ■pKiiiiiM  had  blow-holea  In  (wo  plnreti,  abont  .10  and  .06  tneli  diaia^tan.  Om  iraainataMk 
I  Mr  wm  .8  inrh  dianu'tar,  oaa  appeared  wb^n  bar  was  Inroad  down  tn  flniahad  fllainotori- 
*  iflfiadiaoatloaa:  JtlBah..68tiMk,.O«iaali,.8SlMb(.0liMlilhwlBMdaaotio«),.MM 
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3 


.fiM  toehi  Motional 


i 


[  .  -  U  1  ^  - 

LiuD  per 
tneo. 

^      -  —  - 

irtST 

^   .     .  _ 

yctinon 
pvlnolk 

Pounds. 

I'oundt. 

Indi. 

Inch. 

2.')U 

1,000 

0. 

0. 

500 

2.  000 

.000033 

.  000033 

750 

3.000 

.0O00.V) 

.  <K»ii017 

1,000 

4,000 

.  0OOW7 

.  1  (i»i(»l7 

1.250 

5.  OOO 

.  0"(Jii:(3 

1,500 

6.  OOO 

.0001  a.) 

.  i)tMiii:s3 

1,750 

7,000 

.  I1O015O 

.  (iii'.oi7 

2,000 

8.000 

.oooitr: 

.  000017 

2,250 

9,  000 

.  OOOL'OO 

2,500 

10,000 

.  00('23.1 

,  00<K)33 

2.750 

11,000 

.000283 

.0000.% 

3,000 

12,000 

.000317 

.000034 

3, 250 

18,000 

.0C03S0 

.000033 

3. 500 

14,000 

.000888 
.000417 

.000088 

3, 760 

18^  MO 

.000084 

4,000 

10,  000 

.000440 

.000008 

4, 250 

17, 000 

.000483 

.000083 

4.500 

18.  000 

.  001  (.VH) 

.  000017 

4,  750 

10.000 

.  000513 

.  000033 

5.000 

20.000 

.  (m^iCi 

.  wmM 

5,250 

21.000 

.000017 

5. 50O 

22.  POO 

.  OOOCW 

5.750 

23,  000 

.  llOdfiglt 

.  0001 "33 

6,000 

24.  000 

.  (iiniTiiO 

.000017 

6.  t?fK> 

25.  f  00 

,  (HHlT  17 

.  00<iiil7 

6,  r>.i(i 

.  M(i(i7>:t 

6,  760 

.  (Ht|N'  I  7 

7,000 

2X,  (lo'i 

.  OOOiWO 

.  (l'>(i(i.=»0 

7,  250 

V9,  000 

,  00(i807 

.  (niiiii)7 

7.  500 

SO.  000 

. 0008K3 

.  U(MKM'"i 

7. 7.'i0 

31.000 

.  0<lM>!»r»O 

,  (Htflll  1 

8.00O 

000 

.  ('(iii;«;7 

.  (H)i:nll7 

8,250 

33.  000 

. 001000 

.000033 

8,500 

34,  000 

.  0^1033 

.  (.K)00.33 

8,750 

35,  0(»0 

.  WMOk;* 

0(»00'iO 

9,  000 

30.  000 

.001133 

. 0»0O50 

9.250 

37.000 

.001167 

.  oo()o;t4 

9,500 

38,000 

.001200 

.  000038 

9,760 

88,000 

.001288 

.000(133 

10.000 

40,000 

.001287 

.000084 

to,  250 

41.000 

.001800 

.000088 

10.500 

41000 

.001850 

.000030 

10.750 

43, 000 

.001383 

.000088 

11,000 

45.000 

.001450 

.000007 

11,250 

45,  000 

.001. '1.50 

.  000100 

11.  5^0 

4fl,  000 

.  O0'.i0.^) 

.OOO.'iOO 

11.750 

47.000 

.  002317 

.  000267 

12.000 

48.000 

. 002907 

.000650 

12.250 

49,000 

.  OfriT.'xl 

.  (t<i(t7H3 

12.500 

60,000 

.  (M>»Jl)7 

,  (i(H»7l7 

13,000 

W2.  00<» 

.  <Mi.".ll 

.  ll<tO.'.;J3 

13,500 

al,  (10* > 

.  (KKi7 

.  "017 

14.000 

56,  tm 

.  m>b'i 

.  1)018 

14,500 

58.000 

.  OHil) 

.  (1017 

ir>,  000 

60,000 

.  l.HH)S 

15,  cm 

B2,  om 

.0U7 

.  CiK.i* 

]♦!,  000 

r.  J.  (too 

.  0133 

.0016 

16,600 

0(h3 

.0142 

.0009 

17. 000 

Oh. IKiQ 

.0150 

.0008 

17,500 

70.000 

.  0158 

.0008 

18,000 

72,  000 

.0183 

.0085 

1IL280 

73,120 

iMntM4. 

1 

flMMD 

Inch. 

0. 


0. 


iBtllatlMd 


.000033 


.000033 


.000033 


.000188 


.002650 


.000017 


.ooout 


.002467 


Micrometer  re- 


Uitimaie  itnogtluj 
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0SHXBAJL  SUMMAKY. 

Specific  jrravity  .•.............•..•...«,,,.  

TflOsUe  atrrngth  per  H<|aaro  incliof  orUcloal  seotira  ............................ ..poDDds.. 

EUctio  limit  p«r  Miuarx  inch  of  nrighlW  MlltlOM   do... 

ElongmtioD  p«r  inch  after  rupture  ...•.........•..••.m.......ilMll.. 

Sloog»tion  per  inch  undKi  ntraiii  at  flasttellolt  do... 

Kcductioii  in  diameter  at  point  of  ruptan......    ..........  .....  do. 

Kedoction  in  an  a  afiornvtBMbVWOWtUiOl  < 


FootUoo  of  rupture  ^  ttvm 


73,  m 

43,000 
0.02 

.oolsn 

.014 

6.0 


There  were  two  nniall  bIoW*kalM  !■ 
doeod  to  .60  Inch^diMnete^^ 


Nam 


[XMkmtar.t)  dlnMtor..M4liMht 


iMh.] 


Applied  loeds. 


I 


Elonpt. 

ToteL 

Per 
square 
Inch. 

tioD  per  , 
iBoL 

Pound*. 

Inek. 

2M 

1.000 

a 

],250 

5,000 

.000117 

S,BOO 

10,000 

1.750 

16,000 

ivMO 

90,000 

.ONM 

1^180 

21.000 

.oooen  1 

i^HO 

22.000 

5.780 

23.000 

.000607 

0,000 

24,000 

.ooono  1 

0.290 

25.000 

.ooont ' 

0.500 

20,000 

.000707  I 

0.760 

27.000 

.000800  ' 

7.000 

28,000 

.00083t 

7.250 

29.000 

.ooowfr?  1 

T.OOO 

80,  (MK) 

.000917  ' 

7,750 

31.  (KM) 

.  ooo9:t3 

8,000 

82.  000 

.  000907 

8,250 

33,  «IOO 

.  001fl4K)  . 

8,500 

34,  000 

.0010«7 

8,750 

3.'>,  OOO 

.001100 

9,000 

H«,  iKMt 

.  ooin3 

ft.2fiO 

37,  t»(>0 

.  00 1150 

»,  Sno 

:w.  000 

.  ponw 

9,  750 

30,  rtOO 

.  tmsxi 

10,  000 

40,  OIM) 

.  oor.Tj 

10. 2.^) 

41.  000 

.001300 

10,500 

4"J,  00(1 

.0013:0  1 

10. 750 

4:!.  oon 

.  lH)13fi7 

11,0(X) 

44,  iMiO 

. 001417 

11.250 

45,  000 

.0014,'VO 

11,500 

4fi.  000 

.0014K3 

11.750 

47,  000 

.  001 '•.17 

12,  000 

4H,  OCO 

.  Onl.ViT 

12,  250 

49,  000 

.0*1 1033 

12,  500 

50,  000 

.(K)2033  1 

12,  750 

51,  000 

.0«i2irt3  ' 

13,000 

52,  000 

.OOU.'JKI 

13,250 

53,000 

.0026r{3  1 

13,500 

54,000 

.00:1 133  1 

U,760 

55,000 

.00253:1 

1  14.000 

50,000 
67.000 

.004083 

1  M.SM 

.OMM0  1 

iiive  elon- 
gution 
perteeh. 


0. 

.000117 
.000100 
.000160 
.000160 


.000017 
.000038 
.000033 
.000034 
.0000.33 
.000033 
.000034 
.000050 
.000016 
.000034 

.  mm.i 

.  0(nhi(;7 
.  0000:1:1 
.000033 
.  0000 J 7 

.  ooiHi:i:i 

.  <MM>05O 

.  oooa:{4 
.000033 

.000033 

.  000034 

.  oooo;« 

.  (K)0033 

.  wmM 

.  IXKXI.'VO 
.  0000«6 
.  00<V|00 
. 000100 
.  0002.50 
. 000250 
.  (XWfKK) 
.000400 
.000560 


PfTiim- 
neat  set. 


Inch. 
9. 
0. 
0. 
0. 
0. 


Hive  per- 
juaueat 


Inch. 
0. 


lalttelUNkU 


.000017  I  .000017 


00001^ 


0. 


.000050 


.oolon 


.000017 


.oouoo 
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BKPOKT  OF  THE  CHIEF  OF  O&DNANOE. 


Applied  loads. 


Totml. 


Pounds. 
14,500 
14. 750 
U.0O0 
U.8M 

iCmo 

17.000 
17.800 

18.000 
18.500 
10.000 
1».50« 

20,000 

20,500 
2'.,  01)0 

21.  r>()o 

22,000 
22,500 

23,  tiOO 
21,  500 

24.  000 
24,800 


Per 
square 
iaolu 


Ptnindt. 
58,  ««K) 
59,000 
00,000 
02,000 

eitooo 

M|0OU 
08.000 
70.000 

72,000 
74,000 
76.000 
78.000 
80,000 
82.000 

sr  o<io 

90.  uuo 
K.  000 
94.  OOn 
96.  000 
87,440 


tion  p«r 
ittoa. 


7m*. 

.004917 

.  ot).'.:{.w 

. 0OB217 

.0067 

.0075 

.0092 

.0106 

.0125 

.0133 

.0150 

,0107 

.  U1M3 

.  0200 

.0lM7 

.  0 

.  crj  V) 

.  (r.>H.'i 
.  03)7 
.  03.13 
.0387 
.0417 


sire  rion- 


Inch. 

.  0<K»5f57 

.001)416 

.000884 

.000483 

.0008 

.0017 

.0010 

.0017 


.0017 

.0017 
.0016 
.0017 
.0017 
,0016 
.  0(»17 
.0(.;{3 
.  o<i;;4 

.  (1010 

.oo:h 


Succes- 
Penna-    f^ivc  per- 
neat  set.  manuat 


JneK. 


.003967 


.002084 


TTltimAte  strengUi. 


GENEKAL  SUMMAKY. 

Specific  cravit}'  — ... 

Hani  Ill-Hit   . 

T^-n-^iif  «tr(  )i:.'tli  jxt  square  iix  li  of  oiicinal  Hection  poanda..  97.44* 

Klaslic  litiiii  jM  i  s(|tiitn' iiH:li  ciC  original  (««Tlion  do   41*.  M 

Eloiication  IN  r  nu  ll  after  miitiirt'   ...........iuch..    0.  ()3S3 

ElonKatioi!  per  iiu  h  iiikIit  Htrtiiii  at  (O.iHtic  limit.  ..................do....  ,00iX 

Kcdui'tion  in  >li.-inu-t>  r  at  point  III  i  nptute  ........dO....  .081 

K<><lii(  tion  iu  ai<-a  ;ifuT  rupture,  per  cvutum  of  original  SACiion  ..........................   111 

Position  of  raptiiii'   .05 iBOh  from  nttk. 

Chamctor  of  broken  f»urfare   pranular. 

Slongatiou  of  inch  soctiuns :  .03  inch.  .03  inch,  .03  inch,  .03  inob,  .OSiaoli  (.05  inch  fnuitared  sectioiU. 


No.  300. 


piKkoiBbwr.ii  diamotar,  Mi  iodii  iMtkiMlacMi,  .Stoquralmi^l 


Avpllod  loads. 

Blonjriv- 
tloD  per 
inch. 

Total. 

Per 
•qaars 

inch. 

Paundt. 

Poundg. 

Inch. 

2".0 

1,000 

0. 

1  .^'iO 

5,000 

,000117 

2.  '.00 

10,000 

. 0002M3 

3.  "50 

15,000 

.  00fl4t)0 

5.  OiO 

20.000 

.OO.t.%67 

5.  250 

21.000 

.  0<iOfl<IO 

5,500 

22.  01 H) 

.00«K1I3 

5,  750 

2H.  tH<0 

.  oot  (r.o 

6,000 

24.  000 

0^260 

26.000 

.000717 

Rnooeo* 
flivcebiB* 

gat  Ion. 
perlaoh. 


Inch. 
0 

.000117 
.  iMi.ili'iti 
.  000 1  1 7 
.  000167 
.  000<i:«3 
.  o«i>oM:t 

.  O'V  017 
.  itcoi';!,; 
.000034 


Parma- 
ant 


slve  per 


Inch. 
0. 
0. 
0. 
0. 
0. 


0. 


Inch. 
0. 


Bemarks. 


laltWload. 
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TMaL 

Per 

inoA. 

gatioo 

squaru 
inch. 

pwiaOla. 

1 

•  WWW 

(L7S0 

C7  000 

OOllMO 

.MINI17 

7  000 
7.250 

2S.  000 

ooooai 

•  WVW0O 

20,000 

.O0O8U7 

.000034 

7  AOO 

ooooon 

000033 

7  7S0 

OOOOfi? 

OOOflfl? 

*  WV  w  • 

8,  000 

32  000 

ooldOii 

8,  liSO 

ft  "WiO 

Of.  l?V".' 

001  Oil? 

8,  750 

S*!  000 

Oiii  ion 

0,  000 

:<£  oofl 

()0()(H17 

•!  250 

37  Olio 

.001.M7 

.  OOOO.^KJ 

9,  500 

.  0012M 

.  0OOi)«K! 

It!  750 

HO  000 

.  ooi.'.:{3 

.  00025(1 

10.  000 

40  00<l 

.  iK)4C.'f;{ 

.  i'o:uoo  1 

10,  230 
lo|  500 

4 1  (HH* 

42  00(1 

.  0O4.i»)7 

.  00.>tt57 

.  (lOO.'iOIJ 

lo|  750 

43  OOU 

.  0001  ;t:t 

.  0OOfl*}lS 

11  coo 

44  000 

.007217 

. 00 1084 

ll!  250 

.007717 

.  OIMt.500 

11  500 

Alt  (UK) 

.OOKi 

.0005te3 

12.  flOO 

AA  (MM 

.0100 

.0017 

13.  SOO 

UU,  VW 

.0117 

.0017 

i«  nnn 

fiSL  flflO 

iM»  WW 

.OUS  .0018 

.nao  >  .0017 

12.800 

M  MM 

14  000 

.0107 

.<017 

14  500 

fUi  (MM 

.0183 

.0M< 

lfi.000 

HO  ODD 

.0217 

.0084 

ISlBOO 

62,000 

.0233 

.0018 

18^000 

.0287 

.0034 

ie,»oo 

6W,  OOO 

.0210 

.0016 

17,  000 

CH.  000 

.U33a 

.  00,10 

17,  500 

70.  000 

.0350 

.0017 

18,000 

72.  mw 

.  0400 

.OO.IO 

1ft.  SOO 

74,  iiou 

.  0433 

.  m\-\ 

1''.  'lOO 

70,  ouo 

.  0">00 

.oi'f'.T 

10,  500 

7M,  000 

.  05^!3 

.  00^3 

20,  000 

KO,  0(tO 

.0620 

.0007 

20.  500 

»2.  000 

.  0783 

.0133 

21.000 

000 

.  00."H* 

.0167 

21,500 

W.00O 

.1260 

.0300 

21,000 

.1480 

.MOD 

16,500 

Porma 
nent  set. 


8ncce«- 
Hjvi'  jicr- 
miuieut 


000017 


.000017 


,000050 


.008317 


.0000^3 


:l::::: 


Elastic  luuit. 


.000007  [  .002850  Mioxometer 


Ultimato  strength. 
Loud  St  time  of 


GENERAL  SinOCABT. 


Snorific  gravity  -..  

llai*IiieAN   

Toiipiilr  Htrt'iigth  ju  i  Miiiiiic  iiii  li  <•!'  oii^jiniU  ftoction  ponndf*..       ^6, 400 

!Bl;i.Htit' litiiit  |»-r  Hi(iiat'o  iiirh  of  oiigiii.il  .si'Ctiuu  (lu...  35,000 

Elonnat  inn  iK  i  im  ll  iifti  i- niptinv       ..  inch..    0.  14K3 

£Iou}:at mil  )»  I  ill)  ll  iiixliT  s! ; .\in  iit  cI  i.Htio  limit    do...  .001100 

Kedut  lioii  ill  (li.tiiietfr  at  \<  i  °    i  viiplnni  .....dO...  .084 

Itodnrtiuu  ill  .u.-a  alu-r  rujilur*.-,  iMir  cvutum  of  originnl  swtion   27.  8 

I'oMitioii  of  riiiitun^   ..««......•   1.20  lnchi«*  finiii  n<  (  k. 

Character  of  biokvn  surfac**  granular,  60  per  o«;nt. ;  dnll  Hiuoky,  40  p<  r  tent. 

The  niftal  mparalfd  Hrj«t  at  the  dnll  smoky  wcction.  S«npn  small  rraoks  developed  alonj;  tho  surface 
of  lh<>  8toni. 

SUoDgatiuo  uf  inch  a«M:tioua:  .11  iuuh,  .14uicli,  .Li  tucb,  .14  inch  (.Kiiuchtracturvdavctiuu,.;^!  inch). 
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No.  301. 


(lfaAoDlMr,it 


•..SHiiiehi 


Applied  load*. 


tioii  pur 
iuch. 


uivo  «'l(»u- 

l{atioD 
per  Inch. 


Tru-h 

IflCHm 

1 

inciL 

250 

/k 
U. 

0. 

If  JoU 

£,  .nnf 

Ml,  WU 

.000150 

•»  TKi-i 
i  Ou 

1«>,  U*PJ 

.  (K)0400 

^  /Mill 

uuu 

ft,  ii>tl 

111  fL/vn 

AAA^fi^ 

A  AAA 'La 

.000617 

l«AAA*t4 

i>,  1  i>  ' 

O,  UUU 

IWMI 

*t  Til  1 

.  00(IO.';0 

(»,  .)'MJ 

A*t«  1*7*}'* 

tti^'i,  1 1 1t 

.  UvU*M  Ij 

0. 

1'  1 ,  1  '00 

7,  t'oo 

IIH,  IM Mi 

i ,  J. MI 

Jw,  iruu 

7,;^ 

1,  **>u 

f>  1    i  ( Ai  k 
41  1,  I'vU 

lu  kAf  ktfiT 

n,  UWl 
^.HJ 

A/\/k 

IIJU  kf  k't'i 

J.J,  (JWI 

•H,  UW 

Alkl  Afef'l 

or*.  uiNJ 

Ani 1 1 T 

AAA 

tUl  1  I 

,  \*%fl  Ml  * 

If ,  ovU 

A|U| 

.  WHO/ 

*Kk  Aj  Wl 
•ftf ,  l/UU 

HAI Q1 T 

/kAAJ  ~^k 

10,000 

40,000 

.  0052(57 

.  oo:i:tr)a 

10,500 

42,000 

.  <Mn;it!7 

.I'OOOOO 

10,780 

41,000 

.000633 

11,000 
11,160 

44,000 

.007633 

.000883 

4S.U00 

.OWMI 

.000780 

11,600 

46,000 

.800000  . 
.000717  { 

11,780 

47.000 

'.wm 

.M0M7 

1^000 

48,000 

.800887  1 

12.250 

40,000 

12,600 

50,000 

.9am  < 
.out 

!800e88 

18,000 

52,000 

.000887 

13,600 

M.OOO 

.eiM 

.8017 

14,000 

56,000 

.om 

.0083 

.0017 

14,500 

88.000 

.OMO 

15,000 

60.000 

.0217 

.0017 

15,500 

62,000 

.0S6O 

.0033 

16,000 

64,000 

.0282 

.0033 

16,500 
17.000 

66,000 

.0300 

.0017 

6f.  000 

.0350 

.0050 

17,500 

70,  (100 

.  0.'1S3 

.  oo:i3 

18.  000 

72,000 

.0417 

,ooa4 

i8,;w)0 

74,  000 

.  0407 

.0050 

19,  0*X) 

76,  000 

.  l):.33 

.0066 

19.500 

78,  000 

.  OGOO 

.0067 

20,000 

000 

.0700 

.0100 

20,500 

J*2,  0(10 

.0M7 

.  till7 

21,000 

84,000 

.  um 

.0183 

21,000 

80^000 

.1807 

.0087 

Perma- 

IMBtMt. 

1 

Sacow  ' 
•ive  par. 

Ml. 

Iruk. 
0. 

Inch. 
0. 

0. 
0. 
0 

0. 

8. 

1 

•  ••••••••  • 

1  .800087 

••••••«••• 

■      ««  a  •  •  •  • 

.800807 

.008807 

.808780 

. 088888 

i  

_ 

Initial  load. 


Hardiit'Hii  


OBinCltAL  8DMMABY. 


TfiiHili^  Htn-n^th  par  Wianro  incli  <<r  oiiuimi  hi  i^tioil..... ............. ..............pOOMS..  86,000 

Kla.->tic  limit  ;>C!r  sqaAr«  inch  nt' i>ri;;in;kl  M  i  iiou  ............  ...........................dOu ..  35,000 

Elou;:al ion  per  inch  iilO  r  r<iptiiro  .............tllbh..  0.14 

Elongation  pur  iuch  under  Htniiu  at  i  huHtic  limit  ................do...  .001117 

B«clucMon  in  diaim^t^r  at  point  of  ruptiiro  ......................dA...  .884 

Redaction  in  aroa  after  rupture,  pr;r cfiitiim  of  original  section   21.  4 

Position  of  rapture   3  Inch  ftt>m  neck. 

f^hataoterof  broken  auttnem  sraoolar,  60  per  cent.;  doll  apoftcr,  40  per  eeat.  fievaa  iDkaU 

eraeka  deTaloptd  aloog  the  •wfM*  «f  th«  r — 

It  .U liish,  M  fxucb,  .UlMh,  lilneh,  .]f  tawh  <: 
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[  Mju  U  on  bar,  A 
Applied  loAfls.  ! 


diamot«r.  .  564  Inch ;  aecUonal  aroa,  .  15 


I.I 


1,  'j:.;! 

2.  .".(ly 

6.  OOU 
6. 2.'.0 

5,  5«f> 

f..  7:.o 

fl,000 
6.250 
6.500 
6.750 
7.000 
7.250 
7.500 

7.  750 
8.000 
8.250 

8.  509 
8,750 
9lOoO 
9,280 
9,900 
9.750 

10.  000 
10.  250 
10,  500 

10.  750 

11.  000 
11.250 
11.500 

II.  750 

r.',  iK)0 

12.  250 
12.500 

i:<.  000 

13,500 

14,  »00 
U,500 

15.  000 

1."..  ."iim 
Dim 
ll).  ".11(1 
17,000 
17,  500 
18  <»0 

1>. 

l;i,  (1*111 

III.  .'.(Ill 
211.  00<> 
20.  .'00 
21,000 
21.500 
22.  (too 
22.  200 
21,000 


Kl'>ii  na- 
tion per 
incn. 


Pound*. 

1.  000 
(Mil) 

10,  IMM) 

i:.,0(K) 

20,  000 
2J.0O0 
22,000 
23.  000 
24.000 
25.000 
26. 000 
27,000 
28.  000 
29,000 
30,000 
31.000 

32,  000 

33,  fiOti 

51.  000 

as,  000 

M,000 
87,000 
88,000 
88,1100 

40.  000 
41.000 

42.  000 

43,  000 
44.000 
45,000 
46.000 
47.000  ' 
48,00*)  i 
4».  000  I 
50.000  ' 

52.  000 
54.  WH) 
60.000 

"iS  (!(((( 

t",(l.  (»IM» 

(".J, 

(■.»,  (ll>0 

(■.<;  (lOM 

tV<,  (llHi 

70. «»  . 
72.000 
7i,0O0  I 
7ft,  Of»(»  1 

»)iooO  I 
8">,  000 
84.000  , 
86.000  I 
88,000  i 

 I. 


0. 

.  (Hiuiod 
.  0OU2*ti 
.000417 
.OOO'Sff? 
.000600 
.  000631! 
.000667 
,000700 
.  000750 
. 000783 
, 000817 
.000850 
.000883 
.000083 

.oofloirr 

. 001000 
.001038 
.001088 
.001117 
.00UC7 

.ooiaoo 

.00U80 
.001888 

.002350 
.004838 

.005550 
.006000 

.006917 
.  O079.>0 
. 008383 
.008000 
.0090.13 
.  010367 
.  01 1200 
.013tl67 
.(i|lf;:t:i 

.  01tiU-i,i 
.01W817 
.  020883 
.0325 
.0250 

.  n.'CT 

.mil 
.  oirto 

.  0400 
.0467 
.  0500 
.  05K1 
.  OtViO 

.0000 
.1217 
.16C7 


8iTe«Ioii-'  Perma- 
gatlon  neotaet 
per  Inch. 


I 


Succes- 
sive per- 


0. 

.  0(«)ia() 
. dOdlsJ 
.  0oi>i:;4 
.  (iihji.'jO 
.  (KHi'i.'t:! 

.  (MKIlTCi 
.  IIIIIM.I.'St 

.  ui»  o:i.'( 
.  (ini)'i.',o 

.  0<l»033 
.  000034 

.  oooo;i3 

.000033 
.000050 
.000034 
.000033 
.000033 
.000050 
.000034 


Ineh. 

0. 
0. 

0. 
r>. 
0. 


Ineh. 
0. 


000017 


.000017 


.000033 


.000010 


.001017 


J  .009717 
'  .000150 
.000017 

.0010S3 
.  0004:i3 

.oooRn 

.  001(733 
.  000734 
.  000833 
I  .001867 
.  001566 
I    .  002000 
I    .  002184 
.  0(r2O66 
. 001617 
.  0*1*25 
.  (ml  7 
,  .  oixm 

\    .  0017 
'  .0033 
.  OO.'rf) 

i  .  Wt«7 
.  (Mt:;:: 

I  . 0OW3 
.  0067 
.0100 
.0150 

.mi 


,000067 


.ooion 


.006250 


.001000 


.005183 


. 009300 


(103050 


Initial  UmmL. 


XIaatio  limit. 


Miorometer  re- 


I 


nitiinate  itrength. 
luMid  at  time  of 


itoftvrlty    

 krda<wa  ..... 

Teoalta  atrrnittli  per  square  inch  of  oriKina!  »«otloa  .......................... ....poando..  AOO 

Ktastio  Unit  per  square  i»ch  of  orixtoal  OMtioo  ....do....      :i7,  ooo 

Sioneatlail.  ttll  Imste  ineb..  0. 1 7 1 7 

Btotiffatlini  perlneb  at  elaatio  llmtt  do  001200 

Bad«otloiilndUiiiet«r.vl«liiiMe    do  004 

Bitd«fiOi«a  In  Arr* affcer  rapCaittt  V»  eMitam  of  ori Kioal  aootioo   1L4 

FoaitloD  of  rnpttire  60  inch  frotn  middle  of  atan. 

Chjiracter  of  btvi"cf-n  ^tipfttrt?    ...  xi*^""!:^!'.  with  a  dull  spot  (.30  pT  c*>nt.  uf  surface)  at  clrcumterfncs. 

£loox»tlou  of  inch  sectlous:  .12  iuoh,  .17  inoii  .16  inch  (.25  inch  fractured  aoctkm},  .18  incti,  .15  iuok. 
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[Harfc  «B  bar,  7?  dlaaMlar.  .IMiiMlii 


IStqaaniMlL] 


I 


I 


Pot 

TotaL    '  nqllHre 

iucb. 


'.'."it) 

1.  'I'M 

2.  500  i 

3.  "ftO 
R.  OOO  ' 
5,250 
fi.  5<H>  ; 
5,  T.'iO 
0,000 
C280  I 
CSM  . 
«^7N  , 
7,010 
7.SM 
7.50O 
7.780 
8,000 
8.250  I 
8,500 
8.780 
8,000  I 
8.250  ' 

9,  :m\ 

0,  T.V) 

10,  000 
Hi.  USO 

10,500  ! 
l(t,  750 
11,0(10 
11,2.'.0 

11,  5i'0 

11,  7  . ".0 

12,  000 
12,  2'0 

12,  .''CKI 

13,  IMMt 

in:.'>oo 

14,  01  w 
14,  .Ml^i 
l.'l.  If") 
l.\  .'rfJO 
16,000 

Ifi.  1 

17,  O'  lO 
1",  5im 

I8.oto  ; 

18.500  ' 
19,000  , 
19,500 
80.000 
10,860 


1,  wo 
.^,  00(1 

10,  000 
15.  iKHt 
2<i,  000 

21.  0»iO 

22.  000 
2».  000 
24.000 
2&.(HH> 
26.000 
S7.0UO 
18.000 


80.000 
St.  000 

82.  OM 
83,000 
84,000 

85,000 
36,000 
87.000 
.W,000 

:y9,Ooo 

40.000 

41.000 

42,  o<m 
4:<.  IKK) 

44,  IKHI 
4.*i.  <KM» 
4*'.  0(Ml 
47.  <Krf) 
4>^.  <K)ii 

4'.».  (MMI 
,">ll.  0011 
(Kt'l 

.".<;.  (1(10 

."S.  OltO 

r".o.  tiiM( 

IH  II 
M.  (M>0 
fill,  Oll'l 
OM.  Old 
70,  OIK) 

72,  ciK) 
74,  COii 
76.  *KM> 
78. 000 
80,000 
81,400 


I 


1.M     .  Slice***- 


inch. 


•p«r  toeh. ' 


Inch. 
0 

.  0<iO100 
.  00O2(M> 

.  oooaii? 

.  0<Mi.'»17 
.  O0it.'>".0 

.  oiio.^h;} 
.ooo6:t:t 

.  0006'>0 

.{mm 

.000700 

.ooom 

.000767 
.800000 
.800838 


Inch. 
«. 

.  (»00l00 
.  000 1 00 
.  000167 

.  Ol't'l.')!) 

.  0000.13 
.00003.! 
.OOOOV) 
.000017 
.OOt'017 
.  00003.1 
.000033 
.000034 
.000033 


.001000 
.001088 

.001100 
.001217 
.001400 
.001688 
.002000 
.002883 
.  002717 
.  002i)t>0 

.  (M.:{.{(Ht 

.  IHI  t717 
.  oo4:!i7 

.  (K)4»^3 
.  00".()()7 
.  i>(i62l7 

.  <»' 

.  iii(?^4(>7 
.  (Ks'.M  67 
.  (I!  !(i:!3 

.  \\Vi'\:*\ 

.  1114700 
.  IH67 
.0l^3 
.  (i20<i 
.  02;t3 
.  ti2  Vi 
.  02»i7 
.  (i:t'Mi 
.  o:u7 
.  oa.'i't 
.0400 


.000  10 
.000007 
.000117 
.00O1»>8 
.000283 
.0IKI887 
.000383 
.000334 
.00O1R3 
.  00<i400 

.oiMm7 

.  00<>f.O<l 

.  OOoTM 
.  O^Ki.l.xi 
.  (MKI7H6 

.  tM»HH4 
.  (Wll  JlIU 

.  o*M:t(i<i 
.ooi.'.17 
.0021.-,0 
.  OO  JO 
.0016 
.CHI17 
.  0O33 
.  (1017 

.(MI17 

.  0'i:i3 
.  (1017 
.  00  l.'l 
.0060 


Pena*- 


Sucoe*- 
•ive  pw 


Inch. 
0. 
0. 

it. 

0. 
0. 

•••••• • • ■ 

CI 

•  ••■•«  »••• 

0. 

a 

.000750 

.000750 

.  002317 

.001567 

.0800,7 

IniUallond. 


Uo  limit. 


Micrometer 


OBNBRAL  SUlUfABT. 


10  gnfliy. 


Temine  atmogih  per  •qaam  inoli  of  orisioAl  aeotioa  ......pounds. 

BtostleUmlt  prrtuiiwrf  tech  of  ori(Cffud  Motion  .do. . 


 ^  I  per  InrQ  •fli^mptatv  iDch. 

XloiijpitliMi  per tocli  nnder  ntniin  nt  elkstlo  Umit  do. 

BednotfoalndiMDeteratpoiator  mpturn.... ........... —   do 

RedactioB  tB  «rM  •fter  raptare,  per  oeatam  of  orlgliMl  eeetloB   

I^iiMof  roptora  60  iaoh  fhua  middle  of 

OhaiMter  of  Moken  MixflMO 


81. 
35.1 
a  04 
.001«B 
OM 


of  tMh  aMtlou:  .08  lach.  .08  teeh,  .08  iaeb  (.OSliMh  AiMtand  MOtktt),  M  ImIi,  .01 
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No.  304. 


on  tar,  8i  dlsnetar, 


;  Mi  iDeh;  MOtloilBl  arf>a 

inch  diauioter  ] 


are  ioeh;  W  hM  Uoir-hato  in  i 




Elonga- 

TotaL 

Per 

Uou  pur 
iiica. 

—  

■ 

/n«Jk. 

*  AAA 

0. 

9|  vUU 

.OOPOfO 

4  HilA 

1A  AAA 

.000830  ' 

9  ■TIEA 

IK  AAA 

J9,  UUU 

.000383 

K  AfUl 

AA  AAit 

/U,  UUU 

.001550 

R  '  *  *Ji 
0, 

91  AAA 

.  OOO.VJ? 

no  AAik 

/i,  UMl> 

.  000 wo 

a,  <uU 

000 

o,  uuu 

.OOmCmO 

0, 

.00<H>f«'3 

'Jtl,  I  f  10 

.00t)70tl  j 

it  7  "j  k 

.  0007.'»l> 

il*,  WW 

/,  ^  W 

30,  (M'tj 

.  (lOO-i.M) 

f ,  i 

31 .  '0 

.OOl'H^Cl 

3^,  1^0' ' 

.  (i<>i'9.".0 

.J.I. 

.  Ol'I'Slivl  : 

11,  <h)0 

,\ V,  O'Ul 

,  0(11017 

p.  < 

00(1 

.  oo].)3:{ 

Jl,  (KM) 

3'»,  OUO 

.ooi<)(:7 

U, 

37,  <>i'0 

.001  U7 

r\      1  .j-i 

.Jfl,  OIH) 

.llOll.'iU 

*^  7WI 

»»,  UWI 

.Oi»1183  • 

JO,  WW 

^A  AAA 

40,  OOw 

.  0015.13 

41.000 

.002030 

10,  aoo 

4Zi  000 

.00  883 

10,  7aU 

W.OOV 

.002987 

1 1  AAA 
11,  UUU 

J4  Ann 

.003338  • 

11,  J9U 

JR  AAlk 

.004017  1 

11.500 

46, 001) 

.004407  • 

11. 750 

47, 000 

.004783  ' 

12.000 

4",  Olio 

.00!W  1 

VI.  -J''*) 

4'.».  onii 

.  (I'il'W 

500 

.'"(It,  Ol'O 

III  1  -.'t 

13,  OOO 

.'■J.  «M>0 

.Oi.Ki  ■ 

13.  .'iiMl 

.■■►4.  01 '.0 

.0)17 

14.  oil') 

.'>i'i,  (HHI 

.  oi:».'. 

14,  .M  O 

.",S,  (>0<1 

.0133 

Ifi  OC'O 

00, 01  lO 

.0]'W» 

ir.,  .ii'o 

tiL',  OuO 

.01(17 

16.  (HIO 

04.  000 

.OIKT 

1«5.  .VHt 

on.  000 

.  02.10 

17.000 

6S.  OOO 

.(•217 

17,  600 

70.  ii<T» 

.  (*2."0  1 

1«.000 

"2.  OUO 

.  (v.'H;<  1 

18.  .V  O 

74.  000 

.0300  1 

19,000 

TB.  000 

.  03:i3  1 

19,500 

7M,000 

.0307 

20,000 

80,000 

.0400  1 

20,500 

82.000 

.0490 

21.000 

M.000 

.0300 

21.010 

84»040 

«ivr  ••Ion- 

gutioQ 
per inch. 


.000187 
.000188 

.000167 
.000017 
.000033 

.0O(MI33 

.  ooi'on 
.  nooo:i3 

.0OiMil7 

.  OOOO  mI 
.  l/dOO'H) 
.  0(iO;>;i3 

.  00II017 
.  Odoii  13 
.  0000(17 
.  oo.(i):i3 
.  o(jiio:!i 

.  Oo*!01U 
.  0001134 
.  00  'O.'iO 

.  yoo.«:j3 

.000tl33 
.00O3.'iO 
.000517 

.woam 

.000384 
.000500 
.0004114 
.000430 
.000318 
.  0t»1017 
.  0('0<» 
.0010 

.  0000 

.  002.") 
.  001  s 

.  Oi'OS 
.  0(M7 
.  0017 
.  0010 

.  0'  17 

.(M'17 

.  (N»:t3 

.  00.!3 
.0017 
.0033 
.0034 
.0033 
.OOSO 
.0080 


Pcrma- 
ueut  set. 


t'  |t.  r 
muuuiit 


A.  1  

0. 
Ol 

0. 

0. 

* • •  •  •  A 

.000017  .000017 

.000388 

.000868 

.002533 

.002150 

SUfttioUoiik 


Mlorometflr 
inoTed. 


•••••••••• 

•  »  •  •  •  w  •  •  • 

TTltitMto  (rtNDgtli. 


Speellle  fcrwrl^. 
Bardacn   


OSNBRAL  SUMMARY. 


T00(iil<*  utTPiigth  per  Hqunio  itu  h  of  oH^lnfil  sertlon   poutMlg.. 

Sljwiio  limit  pi>r  Miunro  itxh  of  ori;;,iiul  !to4  tion       do... 

BongAtion  p«T  incli  ntK  I- niptttn>  ..   inch.. 

Klonirntion  pir  lin  h  lunli  r  sttaiii  jit  I'l.isiif  limit  Uo... 

Itfdiirtioii  iiMliiini.  Il  l  nt  point nf  riipdnc   ,...•.»..-.....•...«.....<*... 

KetliH'tiKii  in  ar.  a  ,ilt<  1  riiptiiro,  jwr  cciituiu  of  oiitcinal  H«*ctioo  

PoMition  of  rii).iiiiv   .80  inch  ftmn  Berk,  and .60 iBch  froa  .04 inch  1>1'  a  1 

Cbaracttirof  l»r».keu  euiTuce  „.,.  gmuular. 

SonfBtiM «f  Inok  Metioiw:  .OSIiMh, .€>  la^di,  .04 laoh.  .66 laeli,  .06  laoh  <.68  Inch  ftMtand aootko). 


84,048 

30,000 

0.  o.'i 
.001183 


A.  4 
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rtfark  on  Iwr.  9 ;  diameter,  .fi6A  inoh ;  aeetloml «««,  M  aqvmn  tnoh.] 

Applied  loiulA. 


I  IVr 
TMaL  8<|Uitre 
inch. 


ft  .      !  Snoofe* 


Pouiub 

250 
1.2&0 

2,500 
3, 750 
5.  000 

r),  '.>.'M) 

5.  5l»0 
5.750 
0,  000 
0,  -.'50 

6.  '.00 
C,  T'jO 
7,000 
7,250 

7.  5(H) 
7, 7rK) 
8,000 
8,2o0 
8,500 
8,7S0 
9,000 
9.  ISO 
9,500 
9.750 

10.000 
10,2SO 
10.  M9 
10,780 

11,250  I 
11.500  I 
11.750  I 

12,  0«0 
12.250 
12,500 
IS.OCO  I 

irt.  .VN! 
14,  mo 

14.  MKt  ' 

15.  (MM> 

1  r..  'lOo 

10,  000 
IC.  .'")00 
17,  0<iO 
17,  50D 
IK.  OUO 
18.500 
Ift.OftO 

19.  500 

20.  000 

20,  500 

21.  OOO 
21.  500 
21, 980 


Pounds. 

1,  000 

5,  iHKJ 
ll>,  (HJII 
15,  000 

20,  OOO 

21,  000 

22,  IH»0 
23,000 
24.000 
25.  000 
20,  000 

27,  INII) 

28,  WtO 

29,  (KM) 

30,  000 
31.000 

32,  000 

33,  000 

84,000 ; 

88.000 
88,000 
87,000  I 
88,000 
88,000  > 
40,000 
41.000  ' 
42,000 
48,000  I 

44,  000 

45,  (KX)  I 
40,  000 
47, 0«)0 
48,000 
40,000 
60.000 
52,000 
54.  000 
M,  (K)0 

Tkh,  (100 

CO,  000 
(JJ.  000 
04.  ("10 
6«,  000 

6**,  at>o 

70,  000 

72.  OoO 
74,  000 
70.  000 
7H,  000 

hi),  mo 

H.',  000 
W,  000 

86,  tm 
87,720 


Inch. 

0, 

. 0OO0G7 
.000217 

.  o(M»:<(.T 
.  (Mior.'o 

.  OOti.'ilT 

.  iniot;:i.'! 

.  OOHUi? 
. 000700 
. 000733 
.  0007K3 
.  000817 
.  OOOK.V) 
.(J0O9J7 
.  00<itM57 
,  OOlOOO 
.001033 
.001083 
.001188 
.001183 
.001287 
.001880 
.001550 


0. 

. 00O0B7 

.  ocxnrK) 

.  0001.10 
.  OOO  I -53 
.  0OOO17 

.  000OH3 

.  ooootrt 

.  0OO034 
.  000033 
.  O000M3 
.  000050 
.  0<KMiii4 
.  O0O0X3 
.  000067 
.  0000.50 

.  0(003:1 

.  0IM)033 
.000050 
.000050 
.000050 
.000084 
.000088 
.000200 


.8i«ll7  , 
.805188 


.007060 
.007700 
.008467 
.009200 
.010050 
.011650 
. 013300 
.01S383 
. 017033 
.  OilKlOO 
.  0217 

.  o2-;:i 

.  O'.TmI 

.  ojkh 
.  (»:r.'5 

.  03.50 

.  o:?.<» 

.  0433 
.  04i;7 
.  (•.5.')(t 
.  CO.!  ) 
.  0717 
.  0H83 
.1183 


.ooorao 


.000707 
.000738 
.OOOttO 
.001880 

.001050 

.002083 
.001650 
.001967 

.  0027 
.0010 
.0017 
.0033 
.  m»42 
.  Oir25 
.0033 
.  0050 
.  0034 
,0083 
.  fH183 
.0084 
.0160 

.mo 


I  8aoce8- 
rtre  per- 


Semarka. 


0. 

Ineh. 
0. 

1 

•         • • « • • • 

a 

".  000033  ,   .  066633' 
I 

 1 

.800117 

.800084  ^ 

• • • • • 

".>M8S17 

.008100 

* 

.  .004788 

.€81818 

1.::.::;::: 





.088n7 

.008434 

1 

 1 

Initial  load. 


ElaaUo  limit. 


Hioromrter  re- 


I 


I 


Load  at  time  of 
ftactoxe. 


OBNBBAL  SUMMABT. 

SpMdflc  grarlty  •  

HardiH'M  

ToriHilf  strength  per  nqniire  inch  of  orisinal  aectton..'.  pounds. 

Eloalic  llinit  per  souai-e  inch  of  arif(tlMH  ooetioil  do... 

Elongation  per  ioolt  after  rapture  ••••.toCB. 

BoofcMilon  per  inoli  vnier  strain  at  elaetle  ttnit  00... 

Bodsottoo  la  diMocter  U  point  of  rapture   do. . . 

~  '    '  I  la  aroA  after  rapture,  per  oentum  of  orlgiiulaootlon 
'nipturo 


     JO  inch  from  middle  of  1 

of  (iokaD«allMe....grMiBlar.  70pereeBt.t  diinap«BgyipotatolroamlSBmiQ0kl8p«r< 

80  iaolk  .W  tadi.  .11  iDdh  (.14  laeh  ftaotond  ioellin).  .U  iMh,  ai  1 


87.738 
36.000 
0.1117 
.001188 
.054 
l&t 
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JSo,  366. 


[Hark  on  tar,  lOt  dlunetOT.  .BMineh  i aAOtlnMl  9»m,  Maqum  tacih.] 


TouL 


Pounds. 
250 
1,250 
2.5V0 
S,760 
iCOM 
MSO 
S^SW 
8^780 
1^000 
<.250 
6.500 
6,750 
7,000 
7,250 
7,500 
7. 750 
8,01K) 
8,  L'50 
S,  .'.<K) 

8,  7.V> 

9.  0(10 

9.  ■-•r>o 

9.  54KI 
9.  750 

10,  000 
10,  250 
10,  500 
10,750 
11.000 
11,230 
11.000 
11,760 
12,000 
12,  '.'50 

12,  .VIO 

13,  000 

13.  500 

14,  Oi'O 
14,500 
15,00i) 
1^500 

16.  000 

Ki.  .'00 

17.  000 

17.  rMt 

18.  000 
18,500 

19.  000 
ID,  500 
20.000 
»).50O 
21.000 
21.500 

nooo 


Pounds. 
1.000 
0.000 
10.000 
11.000 
90.000 
U.O0O 
12,000 
28.000 
24.000 
2S,0tiO 
26,000  ' 
27,000  i 

28,  (KK» 

29.  000 
30,000 

31,  (Hio 

32,  0>ii» 

Xi,  li.Mt 

34,  l"H» 

35.  UOO 

zn.  000 

37.  (K)0 
3H,  OOO 
39,000 
40,  000 
41.000  1 

43,000  I 


Hon  per 
IdoIu 


44.000 

45.000 
40.000 
47,000 
48,000 
40,000 
50,000 
52.000 
M.OOi) 

5«.  im 

ti>^.  Ol'O 

60,  or>o 
02.  txMi 
G»,  000 
f.fi.  ('OO 
6«.  00«J 
70,000 
TJt,  000 
74.  000 
7rt.000 
78,000 
80,000 
83,000 
84.000 
86.000 
S^OOO 
88*800 


SnOCM-  1  Riirce«- 
nlve  clou     1*1  rma-  sivo  pur- 
gation   Qeut  set.  ,  maooot 
pwiBOli.| 


Inch. 
0. 

.000083 
.000787 
.000417 

.ooosni  I 

000600 


.000683 
.000667 

.000700 

,  ooo7:t:! 

.  0(iO7>'3 
.0(H'n.i.J 
.  0OOKO7 
.  000i»17 
.  000967 

.  OOlO!  0 

.  i'OH'50 

.oon:a 

.  00llfi7 

.  oo)j:a 

.  Ill  111' -3 
.ooi:)'3 
.  ooir.i" 
. 0V32I7 
.OOS707 
.604333 
.604783 
.60&8fQ 
.006200 
.006MO 
.007388 
.008300 
.008067 
.009700 
.011500 
.013J07 
.0I4VJ3 

.  on;Tr.n 
.  oi'^'.HjT 

.  Ol'O* 

.  (rs2^ 

.  0250 
,  0267 
.0317 
.  03  .*i0 
.  03K{ 
.0417 
.0483 
.0533 
.0600 
.0700 
.0833 
.1050 
.1383 


a 

.000063 
.000184 
.000130 
.000136 
.000017 


.00UU34 

.000<i3.') 

.  01(0033 
.  0O00.V) 
.  00<'0.'>0 
. 0«0"34 
.  OOi  O'fO 
.  OOOd.V) 
.  oo<M!:i3 

.  (M'l>ll.'.0 

.  oo<N>:i3 
,  uoiHtriO 
.  oooo;{4 

.  00OiM)4{ 
. 000050 
.  000100 
.  000134 
.001700 
.000550 
.000566 
.0004SO 
.001100 
.000317 


.0006891 

.oS^^TT 

.  (>0t»733 
.  OOIKOO 
.  0OI7»:7 
.  OOl.Otl 
.  00 -I' 17 
.00.'217 
.  0(11833 
.001? 
.  0025 
.0017 
.  0050 
.  0(133 
.  0033 
.  OO.'U 
.  000*5 
.00.'*0 
.0067 
.0100 
.0133 
.0217 


Inch, 

1  i 
1 

Inek. 

Oi 



0.   

1  1 

.000050 

.000050 

1  

.080100 

»  •  *        *  *  •  « 

.000080 

.  ooiwi' 

- • • • •••• • • 

• ■ • • 

001707 

1  .004888 

.OOlIM 

'  ...   t  

.007783 

.003200 



MicroQioter  ro- 


Ultiinate  strengtb. 
Load  at  ttnie  «»r 
ftraotan. 


OBHBRAL  BUMMART. 

Speclflo  Krarity  

HArdnem  ..    ..... 

Tem'ttlw  utrenjTlh  per  nqnam  Inch  of  <>riu'in»l  '*«ctloD  pownda. 

Kl.iHtic  limit  jMT  -iiii.in-  iin  h  i.l"  <>ii;jinal  (wrtion  *lo  .. 

Kl'>ri;i'»t'oii  ptir  iiK  li  nit' r  ni|tttiic         iiicli. 

Klont-'i |M'i  iiK-li  miilur  Htiaiii  a\  c'l.i>tic  Umil   do... 

l{«4lu('ti<>u  ill  ili.mu  tiir  ut puiut  of  rupture   do  . . 

B««iurtion  in  aita  afterniptsre,  pet  oaoioni  «f origlaal  oaetton  

Fpaltlon  of  rupture    1. 30  iucb  from  n«ck. 

>  of  taokaa  anflMo    fraanlar,  M  par  oeat.}  doll  apaiigjr,Mp«re«Bt» 


88L8H0 
87.000 
a  1283 

.001283 
.064 
21.4 


.09  toah,  .U  loeh.  .19  teeh,  .litaeh  (.19  inch  IVaetarBdoaotlon}^  U 
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No.  3U7. 


Applied  loMds.  I 


f 


.SMtlMlli 


llMll.) 


TotaL 


PotllMf*. 

250 

1,  2*.0 

2,  fjiH) 

3,  7r.o 

5.  0<>0 
6,1.'50 
5.500 

r..  7'.o 

(i,  (HM) 

0.  2.*() 
6, 7.' (I 

7.  OlHJ 

7, 2-'><> 
7. 5*K) 
7. 7.-.0 
g.  <i(>0 
«,  2.M) 

H,  ritio 

H  7.'>0 
9.  IMM) 

D.  2riO 
9,  r.rM) 
».  7.V  > 
10.000 
10.2S0 

10.  fiOO 
10,780 
11.000 
11.2itO 
11.800  i 
11.750  J 
li.OOO 
12,250  ' 
12,500 
12.000  , 
18.600 
14,000  • 
14.500 
1.5. 000 

18^  ri(>'i 

!«,OnO 

IB.  .V>0 
•    17.  01M> 

11.  .VH> 
IH,  (MlIP 

iH,  :ams 

11).  (10  I 

10,620 


Per 
eqnere 

Inch. 


1,  000 
6.  000 
10.  000 
15,  000 
2l>.  000 

21.  WI0 

22.  (iO(t 

2;^.  rioo 

24,  OtM) 

2.'l.  In  11.) 

2(5.  Oi  l* 
27,  (Mii» 
2H,  t'OO 
29.  000 

31,  (1(10 

32,  OOiJ 

;i3,  ouo 
r»4, 000 
:!,'».  000 

3fi.  (M  O 

:i7. 000 

3^<.  0(it> 

:i9.  0(K) 

40,000  ! 

41,000 

42,000; 

4S,OnO  I 

44.000  * 

45.000 

46L000 

47.000 

18^000 

40.000 

60,000 

61000 

64,000 

50.000 

iM^OOO 

110,000 

(.2.  (MiO 

«■».  (N)0 

m.  000 

«W,  0'M» 
70,  (100 
72,  000 
7».  000 

7t>.  O'MI 
7^  (NMl 

7»,4«0 


Snooes- 
dive  elnn- 


Iperindu 


JncA. 
0. 

.000083 
.  OOOI.W 

.  (MM 1 167 
.  ('(Ml  107 
. 000016 
.  0n(io:!4 

.  (I(MI03 

.  (*oint:i3 
.  iii»'i(ii7 

.  (t'MKt.'iO 
.  00003.1 
.  IMIOO.'.0 

.  ("1,1017 

.  OlIOO.'ill 

.  i)<  oo.'iO 

.  (MHMi.%0 

.  0001133 
.  (K>00f>0 
. 000034 

. onooia 

.  0000»4 
.00<i050 
.OOOOM 
.000067 
.  000333 
.000407 

.oolon 

.004700  ■  .000807 


0. 

.000083 

.  ooicat 

. OOOJOO 
.  (Hl<»".(!7 

.  (HHi'K.l 
.  (NHl!il7 
.  (lOOO'O 

.  (iiH'ort 

.  (HH)7.'xl 

.  (i(M'7S3 
.  00iiK";3 

.  (KHiS'.d 
.  001  fKKl 
.  (MIU'.I.Vl 
.  (101ir(>(l 
.  (MMoH.'l 
. 0OSOK3 
.001117 
.001133 
.OOlKi? 
.001217 
.0012''3 
.OOl'i^U 
.001083 
.002150 


Initial  I 


.005883  .000882 


Elaetio  limik 


.007717  '  .000084 


.OOWUB 

.011283 
.012fl.*0 
.0141^1 
.  OUttO? 
.01  A3 
.  O  .'Ofl 
.  022.*) 
.  O-.'.W 
.  0.'(I7 

.  02.'-:{ 

.  0317 
.  0333 


000018 
.OOitSO 
.001400 
.001307 
.001483 
.at.»234 
. 001033 
.0017 
.  0"25 
.  (>02r> 
.  0017 

.  omo 

.  (Mi3J 
.  0016 


.008717  j  .00M17 


.1 


.006750     .  003083 


Mi«-roiueter 


re. 


! 


I- 


Spociflo  Krarlty .. 
Hardness 


OKNERAL  SUIIUABT. 


Tenaile  ativngth  p«r  iiqa«re  Inrh  of  original  aeetloB  potmdo.. 

XlMtlo  Unit  pfr  Mnare  Ineh  f»r  orif(lliM  si«tloB  do 

XloBgatlon  p»r  Inoh  aft^r  rnpttin   ' 

SloBCMion  per  inrh  iind<^  ntrnin  at  elaatie  Unit  

BrdnctiMiuidiaiiH^CTat  i>«uit  <>r  rnptare  •  ..... 

XodnoMoii  la  oiM  after  tui*!uiL-,  iierceotomof  orlitiaalaeotloB  

Boritiin  «^niptiif«  188 

CiMiBeter  of  broken  aarfiMBe  


1« 


t.4 


Sevc^nil  nmnH  bIow-hn|e4  aloQff  thn  length  of  t!ii«  <it«>m  w»r«>  in  niitht  wlira  the  bar 

Thi'3'  all  turned  out  <'\(  i-pt  oni«, om- « i.-liili  inch  dianietor,  IJ  inhps  from  uf«k. 
Bar  did  not  fruciuiL'  .it  the  blnw-h  >l' . 

BoMgatlott  of  looli  aectiooa :  0.8  iuob,  .08  iaoh,  .08  iaoh.  .04  iaoh  (.05  iaoh  flraotored  ■eoktoa),  .88 
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No.  368. 


iMark  on  Unr,  12 ;  diaioutcr,  locli ;  socUonal  area,  ,2&  square  inch.] 
ApplitMl  Inads. 


Tout 


5J50 
1,250 
3,500  I 
S,  7".0  I 
5,000  I 
5.2.V)  ■ 

5,  r»<Mi  I 

6,  OHO  I 
6.  2.''iO 
6,  .WO  i 
0,  7.'0 
7.000 
7.2S0 
7.S00 
7,7fiO 
8,000 
8.250  I 
fib  500 
$,760 
0.000  I 
O.SS0  I 
1^500 

e,7fio  I 

10.UOO  I 
10.?50  , 

10,  .Vw) 
lu,  75'> 
11.000  [ 
11.250  I 

11,  'rlXI 

11.7.>0 
il',  IHMl 

12,  -J.Vt 
12,  .M)0 
12.  OOli 
18.500 
14.  fliMI 
U.  .'iiHt 

i:..  .'iiHi 
(Oil 
10.  •<ni 
l7,-<nilf 
17.  .V»i» 

iK  000 
)C,  .'.Oil 

l!i,  otm 
1!».  .'.00 
2(»,  n<Mt 

20.  .'n'O 

21,  uou 
it,  MO  ^ 


Per 
nqnnre 

locb. 


Pounds. 
I,  00',:' 
5,  (Kill 

1,-',  OVA) 

20,  0«<» 
21.0t>0 

._>._»  (WMt 

L'.:.  ih:ii 
24.  OOO 
23,  OOO 

26.  OdO 

27,  000 

mouti 
ao.ooo 

so,  000 
31.  000 
33.000 
83.000 
•4.  OOP 
>S,IO0 
SHvOOO 
87.000 
88.000 
80,000 

40,  m 

41.000 

4  J,  000 
4:«,  0<iO 
44, 1'OO 

4.'».  'Kill 
4«>  000 
47,  000 
4K.  UUi> 

40, 1'oo 

.Vl,  "(HI 

.VJ,  0;li' 

5«.  (>Oii 
OOil 
Wl.  0<H) 
(52,  Oi  'O 
1)4.  (  00 

ci;,  000 

6H.  OOO 

7o.  0(tO 
7  .',  Ot>0 
74,  000 
7»5.  ot  o 
7**.  0*iO 
KO.  0:  (I 
fi2,  OuO 
H4,0UO 
M^OOO 


Uon  tMpr 

iDCb. 


Inch, 

0 

.  OliOlOO 

.  iiiia'_'(^7 
.  iiiKJi:!.''. 

. 0O0600 
,000017 
.  (H)0«:o 

.  (HtOfifi7 

.  mim:i 

.  (H)0717 
.  (hi«707 
. OOOHOO 
.OUOKJS 
.000887 
.000017 

.  oc*oo;t3 

.000083 
.001017 
.001000 
.00I0H8 
.OOtlOO 
.OOtlSH 
.001108 
.001217 
.001207 
.001300 
.001887 
.0OI3«7 
.oolf;t:i 

.  00 1 .')(«) 
. 0O17  0 
.  002.{f)7 

.  OO.KilM 

.  IM14T.0 
.  O0.',i|((0 

.  oo<'>'i;t;; 
.  007 1 :n 
.  ooKi:i:t 

.  OO'ClM) 
.  OlOHKf 

.  oinxf-T 

.  01, '.'.'lO 
.  oift»W7 

.  li|H4X( 
.  0217 
.  02-'5 
.  02.'H» 
.  02<i7 
.  ').»>'.•{ 
.  o:!l7 
.03Jd 


Hive  «lon- 
i  piT  inch. 


Inch. 
0. 

.000100 
.OOOKC 
.000)00 
.000107 
.  OOt-017 
.  OOlHflfl 
.  000o:!4 

. coooib 

.  OOliO'U 
.  oooo*>o 

,  OOUO.t.T 

.  oo<i«  n 

.OOOo-'M 
.0UWI5O 
.000010 


.ooorst 

.000084 
.00*1083 
.008017 
.00008.1 


P^nn  • 
Dontoot 

1 

Aivi<  par 

- 

Inch. 
0. 

InA  ! 

.0000X7 

:::::::: ! 

.ooooi?  , 

■ 

.008088 

.000016 

 1  :.i 

.000050 

.000017 

:::::::::: 

" **  * • • » • 

.000060 

Ol 

.080007 



.006617' 



 1   

Initial  load. 


lilaatic  limit. 


,  Ol'01.*.O 


,000083  I 


.00,12.V»  .00.3100 


.OOOOM 
.000050 
.O<>04)'<3 

.000007 

(I. 

.  oooocr, 

. 000007 
,  Otto-.'im 
.  <>0('W>7 
.  oi'ixao 

.  OOOO-'lt 
,  000(1  ■>() 

,0(i:ii:ti  

.(•Olli^H  ..  

.O.il.'iiO   .. 

.t)'ii:i»>7   

.i"ill»:t    ....... 

.  O'tl.VMi   ^ 

. (^0 141T  « 

00M17   1  

oiil7<>ti   Mi<rfim»«ter  !»» 

.m'VMj  i  u)wv«d. 

.  OOOK 

.0025 
.0017 
.OOid 
.  fiO.'M 
.41010 


i 


TTlHinatsBtrrafrtk 


U£NKltAL  SUMMAUV. 

Specific  •^m.Titj  

llurdn<  Nn   ...  

'r<*nHiIr  Htrf'n;:!!!  pitrHqii.tit'  inih  of  orlfftoal  ftectim  pAWldO.. 

£liiHtic  limit       M|i!;irH  iiii  li  of  uiicjiial  ^••<>iioii       ...........  .........do  ... 

Elotijiaf ioa  p»'r  im  ii  alter  niptnit)  ....In«li0§.. 

EIoi));(vtinn  per  iiunb  anUer  atniln  at«>l4i«tlc  liiiiit   do  ... 

Retluction  to  di5ai«'t^r at pofDtof  rapture  ..do.... 

Btduetion  in  nroa  after  riiptQrei  pereestomof  origiaal aeotion  

FOBttlon  of  rnpiur.'    lllO  inelieo  from  DMk. 

Cnanu'ter  of  broken  stirfdco  ,       jntniilar. 

Thtre  wero  tw.i  snmll  blow  lmlcs  in  «<iu'l)t  wIicd  the  stem  waH  1.00  inch  diomeUr.  £utU  turoed  oat 
"whftu  the  bur        r«-fliu'eil  t<»  .tiiiu-h  (linnii-trr. 

fraotureii  at  a  bluw-tiwle  M  ioch  tliMiUf  tor  and  uoo-foiirth  inrh  d<>«p. 
BoQSiilfaii  of  Inoh  iMotloiio:  .08  iuth,  .88  iaeh,  .08  inch  (.00  iaoh  ftmotarad  oeettoo),  .08  iacli,  MiaiA 


so,  000 
4:<,  000 

0.  o.*ir. 
.ooiatj? 

.014 
&0 


Digitized  by  Google 
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No.  369. 


[lf«rk  nn  bar,  13;  diamet«r,  .504  inch;  sectional  area,  .25iM{uai-o  incb.] 


Applied  load*. 

Bhmira- 
tion  per 
inoh. 

Sucom- 

TolaL 

Per 
■qoare 
laoh. 

Hivo<*lon* 

jfuf  ion 
nur  inolL 

■n^a  •■■was* 

Pnmdt. 

2S0 

1,000 

Hi 

A 
U, 

1,2M 

6^000 

.  W0I17 

flAAt  1  ? 

•  UU0117 

S,800 

i«,000 

.  wmzog 

•  mwiQD 

a;7M 

.  UWHsU 

•  UVUIV7 

8^000 

20,000 

.  UvUOUU 

•  OUUIW 

«.2S0 

S1.000 

.  UUUOl 1 

•  mwoif 

R,500 

2S.000 

. VUVBSV 

HAMIA 

5. 730 

SI,  000 

.  OWWDf 

•  vwipM 

6.000 

HOOO 

<  Mm<? 
•  tOVf  17 

•  UUUUOII 

6.250 

28,000 

IMMVUA 

6,500 

26,000 

AAAnWft 

6.750 

27,000 

.  UUUBI 1 

» vUOV^H 

7,000 

28.000 

.  UWO-W 

/www  19*1 

7.250 

29,000 

.  UUUU*>  J 

7,500 

30,000 

.  iHHfi'l  < 

7.  7.10 

.S1.0O0 

8,  (>00 

'M.  (im> 

l\ti  1  1  IflJ  1 

A.l.  (iO(i 

i  It  1  ri*}'l 
.  <  U  1  U.t.l 

8,  r.oo 

:u.  mi 

.  (Mil 

8.  7. HI 

:i'<,  (MK) 

.  I."'  Ill/ 

0.  000 

3C,  DUO 

ll/i  1  1  'I 

»,  250 

37.  CKtO 

.  IK'  1  1  n  ^ 

0,500 

.18.000 

fukl  *>  1  7 

»,  750 

.H<),  (M«.t 

,  U*M  MHO 

10.  000 

4'1,  IHMI 

.  0 1 '  1  J  •  i 

10. 

41.  IKM) 

.  Ill  M  .HJ'J 

( ij  II  u  1 1  7 

10,  500 

4'J, 

m  1 1  'i  'J  *  J 

i  Ml;  W  k '  t  f 

10,  7.'iO 

4:»,  mo 

lull  '{fi"! 

11,000 

44,  000 

.  (MMlO.'X* 

11,  -J.-.o 

45.  OOti 

1 1.  5i»0 

4»5,  (.K>i> 

11,750 

47.  <U«J 

.  WW  1  t 

12,000 

4H,  01 W 

.  11111  im  1 

(111(1  J  1  7 

12.  250 

4a,  000 

12,600 

50,000 

.  0O4.'!5O 

. 001717 

13,000 

52.  000 

.  oor»2:i:{ 

.  oodK.sa 

13,500 

54,0(tO 

.  oi)fi'.'l7 

14,000 

.56.  000 

.007483 

.001206 

14.  .500 

58.  000 

,008717 

. 001234 

15.000 

00.  000 

.  OlOO.^O 

.00  lira 

15^500 

02,  Otto 

.011517 

. 001467 

IS,  000 

M.OOO 

.  01283.1 

.001310 

1<.SOO 

60,000 

.014400 

.001567 

17,000 

08,000 

.016000 

.001600 

17,500 

70.000 

.017087 

.001067 

18L00O 

73.000 

.0217 

.000720 

18^500 

74.000 

.out 

.8010 
.0017 

10.000 

76.000 

.0250 

10.500 

78L000 

.0276 

.8025 

10,000 

ao^ooo 

.0282 

.0017 

80,800 

82.000 

.0017 

.0025 

21.000 

84,000 

.0087 

.0060 

20,500 

1 

P«nnR- 
neataet. 


Succ.*ii- 
Hivtf  per- 
niaiii'iit 


0. 
0. 

.000017 
.000017 

.ooeoos 

JndL 
a 

.000017 

a 

.000010 

".'OMOOO 

.000017 

,000050 


0. 


Initial  load. 


.000067 


, U0U017 


.00008S  .000010 


,000117 


,000034 


.  002583 

.OOMOO 

•  •  •  •••••• 

• • mm •••« •• 

i  Mltmtic  Unit. 


tnttmata  atreni^h. 
Load  at  ttm«  of 
fraotare. 


GENERAL  SUM  M  A  K  r. 


8iOOO 

47.0i>O 
0.  035 
001550 


T«<n«il<'  ntrengtli  per  uqnare  iin  h  of  oriciiial  section     poiimls  . 

Elastic  limit  per  wanan-  iiirli  (if  <>riu;inal  noction    do  ... 

Elont:iiti<>ii  per  111!  Ii  ntti  i  nipt  iMf    Inch.. 

Elou)f;itii>n  Jh  r  in<  li  iui<li>t  ^triini  ut  clastic  limit   ..........do.... 

Roductinn  in  liiaiiK  t.  i  ut  |M>iiit  ot'  rnpttir*-    ...dO.... 

Rednrti.iii  in  uihh  atlt-r  ruptiu*-.  pf?r  i  fntiiin  ol  ougiual  si-<  f  inn    ... 

PoHit  1  II  I  t  t  iintiirf        35  inch  from  nwk. 

Character  uf  brokon  surface  grauular.   Dull  spot  at  circumforeoce,  20  per  cent.   A  number  of 

OQOtala  villi  my  MgM  fkweto  am  eontaiMd  in  this  dall  apol. 

Elonsration  of  inch  H<TtJoni»:  .03  incb,  .03  inch,  .03  inch,  .03  inch.  .03  inch  (.06  fractured  section). 
Two  blow-bolea  in  sight  when  stciu  wa«  1^  iucb(^8  diitmuier ;  both  toroodout  when  reduced  to  .0  iaflh. 
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Z 


250 

,500 
3.  751) 
5,  ))(H) 
5,  2^ 
6,500 
6.750 
6,000 
6,260 
6.600 
6,780 
7,000 
7,-280 
7.500 
7,780 
8.000 
8,260 
8^800 
8.760 
9,000 
0.250 
».  375 

•,600 

9.  750 

lU,  1100 
1(1. 1'aO 

10,  ,'.l>0 
Ui.  750 
It,  OUO 

11.  •-•50 
11.  500 

11.  750 

12.  (100 
Vi,  250 
12.  500 
13.000 
18.600 
14»000 
14.800 
15.  (HW 
15.500 
10.  (KH) 
Hi.  500 
17.  oi:o 
17.  500 
IH,  000 

.500 
19.000 
19.  l*XS 
•.HI.  000 
•iO.  120 
19.800 


IVr 


ftqunre 
inch. 


Vounds 

1,  tilKI 

5,  000 

10,  ooo 

15,  OOO 
'20.  (100 
ii(X! 
2-',  (100 
•J'J,  Ooil 

24.  001) 

25,  000 
'iA.  000 
27.000 
38.008 
18.000 
98.000 

11,  OOO 
83.000  > 
83.000 
34.noo  ' 
85,000 
36.000  ' 
37,000  I 
37.  500 

HX,  000 

D;),  <ioi> 
4u.  w  II 

41.1K)0 

42.  o<»0 
(II  o 

44,  (1)0  I 

45.  01)0  ! 
4I>.  000  I 
47.000  I 
18.000 
49.000 
60,000 
88,000 
M.000 
08^000 
Sf.OUO 
80,000 
82.000 
64.000 
60.000 
OK.  OIK) 
70.  000 
72.  000 
74.  000 
70.  000 
78.  (HM) 
Wi.  OOO 


tioii  per 


Inch. 
0. 

.  0OO0C7 
.0(0217 
.  (i(io:;i;7 

.  (KM'Vio 
,  (I'  I  - "  ' l« 
.  0(.H«XKJ 
.  000617 
.  OtMM53:t 

.  oooo;; 

.  001)717 
.000750 
.000788 
.00083t 
.000(167 


.001000 

.001050 
.001100 

.00 11. -13 
.0OllH.» 

.  OOl'Jt  0 
C  .  OOlolM) 
\  .  004.ln;{ 
.  (K»'"(T7 
.  (Hi«n  '>n 

.  (ii)-:..',!) 
.  ( i>'.i»r>ii 
.  w»sn«jT 

.011250 

.orjo;« 

.  Ol'JJCW 

.  014^7 
.015.VI3 
.017000 
.018850 
.081483 
.083760 

.omi7 

.039817 
.0038 
.03K3 
.0433 

. 

.0600 
.  0700 
.  OHOO 

.  (iO:'3 
.  12.M 

.1^7 


Inek. 

0. 

.  immi 

.  I '00  i  '.0 

.  mhM  lO 
. 000133 
.  n(n;o5U 

.  00(I4J.')0 

.  000OI7 
.  00(10  0 
.  llOO'i.'.O 
.  (100034 

.  oooo:t3 
.000033 
.OOOiiiJ 
.000084 


.0000X8 

.OOOOjO 
.000050 
.000033 
.000050 

.  0IN)017 

.  ("HtlOO 

.  O03o«3 

,  oo2;<H4 

.  o012K:! 
.  ono5oO 
.  iHio;too 
.  (nni,''l7 
.  001  ..-i.'l 

.  Ooo7^:^ 

.  (HMtSIH) 

,  oou'.W); 

. 001007 
.000666 
.001467 
.OOIHSO 
.008638 
.00-i267 
.003487 


.003W3 

.0050 

.0030 

.  11034 
.00^3 
.  00.50 
.0100 
.  0100 
.0l>s3 
.  03  10 
.0284 


.000050  :  .600013 

.006567,  .008517 

.010350 

1 

.003783 

•••• 

.814867  '  .004817 

» 

KlMttellBit. 


J  Lo.nl  at   liiiif  of 
I     fracture.  i 


OKNBRAL  8UMUABT. 

Specific  KTATity    •  

BardneKs     .......*......  

T«iMil«  HireoKth  p«r  •qnnrp  iuob  of  orisiDAl  Motliia  pounds. 

BImMo  Hull  p«r  iwinarf!  inch  of  ori|{iaMMOtliiB  do  . . 

XlottKiktion  per  Ineh •Iter  rupture  inch. 

Xlongfttion p«r tnoh under  nt rain  «t rlaetio UmU  do  .. 

Bcdmilow  in  dlaineU<r  at  p  iut  of  mptoiv  do... 

BedvotioB  Id  area  after  i  upi  o  1 1 .  \t«t  eentan  of  orlgliMl  aeotion  

PoeltioB  «r  ntptaro  80  laob  tmm  neek,  taUag  an  oUlfoe  OMfM  aeftM  the  bar. 

Cbaraetar  of  bnkm  aarfkee  doll  aaiokjr. 


80.489 
37.888 

0.18 


of  iBoh  oaolioiw:  at  iadi,  JS  tooli.  .lAladh,  JSiaoli,  Jftlaeh  (.18  laok  fkaotuad 
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(SUA «a tar. Ui  dbuaataf;  .tM  iaokt  •mMouI m«s  M M|iiaMla«li.1 


Applied  loud*. 


Totid. 


Potindt. 

250 
1,2.50 
2,  50<i 
3,750 
S,000 
5,  250 
5,  ;V'(t 

5,  750 
0,  (too 

6,  'J50 
6,500 
6.  7.V) 
7,000 
7.250 
7,500 
7, 750 
8,  000 
8,250 
8.  500 
8,750 
9,000 
9,250 
9,500 
9,750 

10,000 
10.260 
10.  SCO- 
10.780 
11.000 
11,250 
11.800 
11.7R0 
12.000 
12.250 
12,500 
la.  (K>o 
500 

14.0(0 
U,  500 

15,  OOi) 
15.500 
10.000 

16.  5()fl 
17. 01 10 
17, 

18,  iiiio 
IS,  .'^10 

19.  (100 

10,  r.oo 

•JO,  0(H) 

20.450 
101 000 


Per 
square 


Elonga- 
tion JXT 
inch. 


'  8ae««8> 
sivneloQ- 
i  gation 


Pormdji. 

1,  (HKI 
5.  (.KMt 
10.  (KIO 
15.  000 
20,  000 
21.000 

22,  000 

23,  000 

24,  000 

25,  WK) 
26,000 
27.<K>0 
2S,  000 
20.000  j 
30.000  1 
31.000  ' 

32,  OOO 

33.  000 
31,000 
35.100 
36.000  I 
37.000  ' 
38,000 
30^000  I 
40^000! 
41. 000  I 
42, 000  I 
48,000 
44.000 
48,000 
48,000 
47,000 
48,000 
40.000 
50,000 
52,  DOO 

r,A,  1*00 
.'id.  iHio 

58,  000 
60,  OIK) 
02,  000 
(54.  000 
6«.  0(H» 

T(t,  (mil 
7  j.  (ido 

74,  (KM) 

7ri,  IHiO 
7H,  000 
MO,  000 
81,800 


Inrh. 
II. 

.  OOU'JIT 
.  (HK>;i(i7 

.  oiio'i:t3 
.  001*567 
.000600 

.  oiii  'tiliT 
.  OtiUGKl 
.  000733 
.  <H)0767 
.  OOdKOO 

.  mm~ 

.  0U0933 
.  000083 
.  001017 
.  01)1087 
.0111100 
.0011:3 
.001167 
.0012A3 


Inch. 

(». 

.  (Mid  1(11 1 
.  iliJiii  17 

.  (»l|i(Jl,"»0 
.  (HiOlOO 
. 000034 
. 000033 

.  ()o<io:^!4 

.  00001(1 
.  0000.'.0 

. 000034 

.  001W33 
.  0(M1O33 
.  00(1034 
.  00O006 
.000050 
.000034 
.000*150 
.0000.33 
.000033 
.000034 
.OOflOOO 


.007883 


.810188 

.010888 

.011500 
.  01?700 
.013633 
.014733 

.  0166:13 
.018050 
.020417 
.  022fi50 
.  025000 
.028667 
.080038 
.0342 
.  o:i«;7 

.0J17 
.  (»4<I7 
.  0.i67 

.  oo.';3 
.0733 


.000480 


.000790 
.000017 
.001200 
.000938 
.001100 
.001900 
.001417 
.  0<»2307 
.  0024 :{3 
.002150 

. ooafifi? 
.(Hi2ii;« 

.003367 
.0026 

.0050 

.  OO.Vl 
.  01 00 

.  (IHj'i 

.0100 
.0100 


P«raui< 

IMDlMk. 

1 

8110000  . 

Inch. 
0. 
0. 
0. 
0. 

Jneh.  1 

....'.....I 



0. 

 1 

• • • • 

".'008017' 

.000017 

:::.::::::i 

.000083  1  .800018  1 

:=;$= 

.00B4$0 



.080417  , 

•••••••■■t::::::::: 

.000107 

.80W17 







.  012717 

.004250 

tuovc<L 


r©-  i 


T'Uim.Tti" 
Lmni  ut 


Mtri'Djjth. 
time  of 


I'rmoturo. 


I 


0. 


OBMBBAL  SUMUART. 

Spooilic  jrravlty  

Ilaiilii<-K»t   ..     -.. 

T<-nHiIi' f«tri'n<;tl)  p<-r  Hquiiro  inch  of  orisieiil  section  .............  ............ .....poaBds 

Elantic  limit  |i<'i '^«|uslrl•  imli  ot  oriKinillMOtlra.   do 

£loa>iatiuu  per  iurli  aftei  rtiplurv  ...t. ......  ... 

Blonfintion  per  iiii-li  and<»r  strain  at  elastlolimli..    do 

KHliirtion  iiiiliaineteratpointof  rnptun*   .  .........  do. 

Kcduction  in  a rea  after rnptiiro,  per  0(Mitnm  of  origtBal  ■action  

PoelUon  of  ruptuto  .78  ineh  ftm 

Cbanoter  of  mrokon  ourllMO  gnumlor  88  per  eont  i  dnll  tftmgfW  per 

Bar  Im  c  in  tu  rrneturo at  OBo  elda,  loadiially  tcarioK  apart  TbO part  fVaototlaf  flnt 

Tioni:\  ;ii<iitMr:iiirr. 

An  <il>Hiiiif  rtji"  k  opi-nwl  ono  rintth  nfan  inch  I'mimi  tlio  jioint  of  fmcture. 
'^ioDgaUon  of  iutiii  seotiuus:  .10  iucti,  .09  iuob.  .09  iocli.  .10  inch,  .OSiaoh  (.18 


SI,  SilO 
3K  (.>50 
0SJ**3 
001238 
064 
1&» 


Digitized  by  Google 


REPORT  OF  THK  CHIKF  OF  ORONANCB. 


461 


^0.  372. 

 Fracture . 


[Mark  oik  bar,  16|  dlanetor,  .864  inch}  Motlawa  am,  M  homw  inbh.] 


Applied  loads. 


Total. 


250 

i.2:.o 

2,  5(t0 

3,  7j0 
5,  000 

r.,  iTid 

5.  r.no 
r>,  im 

0. (KIO 
0.  ITiO 

6.  500 
6. 750 

7.  000 
7.  -2.50 
7.  ftOO 
7. 

8,0(« 
8«SM 

8,500 
8. 7M 

9.  mw 

8,500 
Si  750 
10^000 
10. 250 

10,  500 

10,  7.'>o 

11.  IX  0 

11,  IIM 
11.500 

Ji.7:.o 

12,  000 
12, -JoO 

12,  5(10 

i:<.  (Hju 

13,  .M>0 

14,  01)11 
14,  5r0 
15.000 
l.^-VW 
16.000 
16,500 
17.000 
17.800 
18,000 
18,500 
19.000 
19.  5O0 
19,900 
19,600 


Per 
■quore 
udi. 


ElouKa- 
liiin  iM'i' 
iucu. 


Poiifuft. 

Jttdk. 

1.000 

0. 

000 

.  0001(1(1 

10,  000 

.  0(i!i-.'t;7 

15,  000 

.  000417 

20.  000 

.  OtK).Vi7 

21.  Ot'O 

.  0i)(itil7 

22,  000 

.  OOOIi'.d 

23,  000 

.  (XMirh.l 

24.  000 

.  00o7))o 

25,  «1J)0 

.  00073.'! 

2fl,  000 

.  OU07KJ 

27,  '>00 

.  000817 

2H,  (KM) 

.  O0OK50 

2H,  tiOO 

.  000**h3 

30.  000 

,  00093.1 

31,  000 

.000907 

82,000 

.001000 

8%  000 

.001083 

34.000 

.801008 

35, 000 

.001100 

3(1,000 

.001188 

W9  AAA 

87.000 

.  OOlSOO 

3R.000 

.001207 

89,000 

.001450 

40,  000 

.  004  .V)0 

41.01tO 

.  006«J<3 

42.  <»»() 

.007217 

4.1,  tHiO 

. OOMOOd 

44,  00(» 

.  OPs:,.:i 

4.\  (1(1(1 

.  (ll".'H)7 

4'i,  1)0)1 

.  oir'i:;:! 

47.  ciM 

.  OlD'N'J 

4h,  (Mill 

.  011-100 

A'.y  iM'ii 

.  ol  2fi.i:i 

.5(1.  (IIMI 

.  oi;)C(i7 

.">2,  (»uo 

.01.5007 

54,  W» 

.  oiK'.wrt 

.50,  01)0 

.01^!>(^7 

,5H.  (lOD 

. 021107 

GO.  000 

.  02  1333 

62,000 

. 025907 

64,000 
68.000 

.0288«3 

.8817 

.0880 

70.800 

72.080 

.0417 

74,000 

.0488 

76,000 

.  05,50 

7«,O0O 

.  Oft  ?.*? 

79,  t>4o 

.0717 

Hiveelon- 
p«r  inoh. 


Inch. 

0. 

.000100 

.  0OO167 
.0001.50 
.  OIHIISO 

.  tKHMl.'iO 

.  0OIIO33 
.  0000.33 
.  00OOI7 

.  (MM)(i33 

.000050 
.  000031 
.  000<i.j3 

.  oi>o(i:c{ 

.  IK  OOS*) 
.000034 
.000033 


,000017 


.000087 

.  WM)067 
.000183 

.  Oo3o.'iO 
. 0OJ183 
.  000.^34 
.  0«K)7Kt 
. 0005HI 
.  XOOSM 

.  ooir,>';o 

.000017 
.  000K33 
.  0O1034 
.  001400 
.OOIU'O 
.  0O!»84 
.  002200 
.002166 
.  002634 
.002816 
.008817 


.0033 


.0000 

.0067 

.00K3 
.0084 


I 


Perm*- 

BMlt  Mt. 

Siire<*ii- 
«lre  per- 

OMDOOt 

m       m  • 

a 

0. 

U. 

u. 

A 
U. 
A 
Ik 

•••••• ■ 

.080688 

.066088 

0. 

.066080 

.066017 

.003233  .003183 

 1  

.007^00 

.004607 

.011760 

•••••• 

Initial  load. 


T"ltitiir>f(>  .Mti«M><jtli. 
Loatl  at  tiuie  of 
fkaotnro. 


SpoolflO  KHirity. 
HarAiiefui  


T<  ii'^il''  Kti<  ii';ili  JUT  .m|ii:ir«'  iiirh  of  oi ini iir»l  net  tioo  ............ 

Klastif  limit  |i<'i  ^<]ii.iii'  iiK'li'ot' ori^^iii.tl  mm  turn  ................ 

|]li'iiU-ili"ii  P'M  im  ti  H't  I  I  iijiliirc    .  .......„.,,,„ 

Kluii  j.itioii  i><-r  nil  li  nn-lrr  «ttaii4  Ht  olastic  limit  

I:.  (iiK  ti'iii  ill  (li nil'  tt  r  at  i>«iint  of  niptiirc    . .   

lI.iliK  tioii  ill  itiii  alior  luiitiirf,  jxi  (-cntum  of  original  section, 
llioli  of  riijitnic 


T8,M0 

80,000 
0.0088 
.00118* 


do 

 ioeh 

 do.. 

 •   11.1 

  -75  inch  fraoiiiilddloof  ■toM. 

tliaitit  H  T  u!  iiroki  II  xui  tiito  Rraiml.ir,  rmliating  fr»>m  a  doll  i^pttt  at  the  dioomfbnaoo  when  ih# 

fracture  lH»;;nn 

SUnmation  of  iaoh  •ecttone :  .00  laoli.  .00  inoh,  .07  inch  (.08  inch  fkaotued  MOtkn),  .07  lach.  .08  iaOh 
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31 


Poundt. 

250 

1,  V50 

2,  rm 

3,  750 
5.  OM 
5.  250 
5.  500 
r,,  7511 
fi.  OOO 
fl,  'J50 
C.  5»0 
6.750 
7.000 
7,260 
7.600 

7,  750 
K.  OOO 

8,  250 
8,500 

8,  75tl 

9.  W)0 
9. 1'50 
9,  ftOO 
9.750 

10.  OOO 
lo.  250 
10.  500 
10.  750 
II.OIW 
11.250 
11.500 
n,7S0 
12,000 
12, 2M 
1S,8M 
18,000 
11,800 
14,000 
HMO 
16.  OU) 
IS.  500 
lt,9» 


Inch. 


Poundt. 
1.000 
5,000 

10,  000 
15,  000 

20.  000 

21.  m) 

22.  0*10 
Zi.  000 
24.000 
25,  OOO 
26. 000 
27.000 
28.  OOO 
29.000 
30,000 
31,000 
32,000 

;n.  OOO 
a4. 000 

35,  OOlJ 
M.  000 
.17.  (ItHt 

OOO 

'M,  (100 
4(1.  (HIO 
41,000 

42,  000 

43,  000 

44,  OOO 
4.5,000 
46,000 
47.000 
4«,000 
40.000 
M,O0O 


64,000 

60,000 
68,000 
60,  ( 
62,1 


I 


tion  per 
indL 


sivA  olon- 


Inch. 
0. 

.000117 

. 000317 
.  000483 
.000650 
.  000067 
.000717 
.  000767 
.000800 
.0O08:i3 
.  000867 
.000900 
.  0O0S».'{3 
.  000<M57 

. oolooo 

.  0010.50 

.001100 

.001117 
.001167 
.001200 
,  00 1 2.50 
.001283 
. 001333 
.001383 
. 002200 
.003917 
. 004783 
.0OS3I7 
.  0064s:i 
.  0O7083 
.  007750 
.008233 
.009583 
.009883 
.010550 
.011807 
.OlttOO 
.  016017 
.017083 

.oinoo 


0. 

.000117 

.  000200 
.000166 
.000107 
.000017 
. 000050 
.  004HI50 

.  ()o(Ht:t3 
.  umm 
.  oooo;i4 
.  {Mhioh;{ 

.  o<io'>:i;{ 

.  OOODIU 
.  0<HI0.'!3 
. 0OOO5O 
.  000050 
.  0O<Kll7 

.  ooo;!5o 

.  0OlHi;i3 
. 000050 

.  oooo;i3 

.  0('0li50 
. 000050 
.000817 
.001717 
.OOOfOO 
.  0W)534 
.001166 
.000600 
.000067 
.000483 
.001850 
.000300 
.000667 
.001817 


Pf>rm»- 
nent  set 


Jnak. 

0. 

.000033 
.000038 
.000050 

.000050 


Sacce«- 
aive  per- 


0. 

.000017 
0. 


,000083 


, 000033 


000100  '.mm 


,000117 


.000060 


,005450 


,008000 


.ootin 

.001168 
.002117 
.001867 


I 


I 


.000017 


XlMticlilott. 


OENE&AL  8U1CMABT. 

Specific  gravity   7.  M  l  f 

Bkrdnem     17.  T. 

Tensile  strrneth  per  Bqtiiirv  inch  of  original  MOttoa.  .....ponnds..  Ci.  fi80 

ElMtic  limit  ptT  Htiiiatr  iiu  li  of  of  orlpool  aeettuB  ....  .du   39.000 

Elon<rntion  per  inch  after  rupture  inch..  0.ttl7 

Eloii^atimi  per  inch  uoder  strain  at  elaatie limit  do  '~ 

Beduction  in  diameter  at  point  of  mptare  ......da 

Badaction  in  area  allar  rttptara,  per  oanfenni  of  otlgiaal  aaetloB  ^   L  i 

Ppritloaof  roptura  ....^  at  Ilia 

 .0SilMii,.6SiBflh,.0llB«h,.6lilioll, 
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ure.- 


r^rk  on  bar,  18;  dlMB«l«r,.Sa41aehi  Motional 




.ISaqoftre  Inoh.] 


Applied  IoimU. 


S50 

I,  250 

2,500 
S,750 
S.OOO 

5.  '250 

b.  rm  \. 
ft.  t:.o 
«,  00<) 

c,  'jrHt 

8.750 

7.  (MX) 
7,  L'.>o 
7.  .'(to 

7,  Tf.o 
«,  U(K) 
8,250 
f,  5410 

8,  750 

o.oou 

0.250  , 
0.500  1 
0,750 
10,000 
1U,2S0 
•10.800 
10,750 

II,  ooo 

11.  L'SO 
11.500 
11,750 

12,  CM)0 
12.  250 

12,  fKiO 

13,  0(»0 

13.  500 
14,000 

14.  r»oo 

l  .'>,  000 

15.  500 
IC,  <100 
l(j.  000 
17.000 
17,500 
18,000 
18,500 
1«,000 
18.500 
18^800 


1,000 
5^000 
10.000 
18,000 
80,000 

21,  0(10 

22,  0<Mi 
2j<,  0(111 
24.  (»<HI 
•J.'>,  iMht 
2(>.  tMK» 
27.  000 

DUO 
2i»,  Olio 
.30.  000 

31,  OOt) 

32.  000 
3.1,  000 
34,000 
3.">,  OOO 
30,000 
37,000 
38,000 
88,000 
40.000 
41,000 
42.000 
43,000 
44.000 
45.000 
40.  000 
47.000 
48.  OtIO 
40.000 
60, 000 
52.  UOO 

:>4. 000 

56,  (100 
Sc".  Otto 
80.  000 
02.  000 
&4,  000 

m.  000 

6*1,000 
70.000 
72.000 
74.000 
78,000 
78,008 
78^900 


Blon  {ra- 
tion per 
inck 


0. 

.000117 
1)00283 

.  ooo4rt.-) 
.  ooo.%8;« 

.  (KHlfit  O 

.  (M>oi.:i;( 
.  I'diniiiT 
.  0Wt7i-(i 
,  000733 
.  000«01» 
,  00083.1 
.  0O0K(i7 
.  00(ihs:i 
.  00011.33 
.  00^1907 
.001017 
.OOlO.'iO 
.001100 
.001133 
.001150 
.001217 
.001388 


.006800 
.0002.M) 

.007133 
.  O07.'».'i0 
.008183 
.  0(IMKj7 

.  utmxi 

.  01l>(5.i3 
.OlM^I 
.  0128:13 

.  01  tfMlO 

.  OW'Xi 
.018.367 
.  ('20317 
.  0233 
.  0258 
.  0300 
.0317 

.o:i42 
.0388 
.8417 


Snccen- 
«ive«'lou- 

Ifaliou 
per  inoli. 


Zmtk. 

9. 

.000117 
000188 
.000160 

.OOOISO 

.  0OO.I17 
.  000033 
.  i'0()034 

.  tKioo:n 
.  (»0(i»i;i3 
.  (iO"(i<«7 

.  oi.i.)ii::3 

.  (HUM':!  I 
.  OOOHIO 
.  OllOlUVl 
.  0(10034 
.  0<KH)'.0 
.  000033 
.  OOOO.V) 
.000033 
.000017 
.000087 
.000188 
.801888 
.881864 


Sncccs- 
Perm*-  I  aive  per- 
ncnt  aeL  manent 


Jim*. 
a 

0. 
0. 

.000017 
.000017 


000017 
.0 


.000087 


.000100 


,801000 

,000050 

,000883 
.  000417 
.  (K>0(j:<3 
.000784 
,  0008f 6 

.  mmo 

.  0(10.' .'.O 
.  0013.*.0 
.  (»01(!*)7 
.  001.^33 
.  0023:54 
,  0019.'>0 
,  002«8:J 
,  0025 
.  0042 
,0017 
,0025 
.8041 


.80tt88 


.005807 


.000017 


Initial  load. 


.002033 


.003834 


.008588 

•  ••••••••• 

••««•••• • • 

•••••• • 

Blottif  1*"**- 


Microineter 


TTUtmato 


Sp«H'ifir  )^avit J  

li.lI'lllM'.HH   .  .  ,  .  m»mmmmmwmmm  *  *• 

Tim^il'-  strength  |tfr  t4c|u:ii«^  iiii  li  nf  oricinal  section  ................poniHls. 

Kla^4(i•  limit  ptTmin.iii  iiu  li  of  <iri|{llMl  •OoUon  .....■..•...«...•..•••.....-.•.•>   <!<>.. 

E)uu;;alioii  piT  iiK-li  att<T  niptuie  ..inch. 

Klonc^tinn  \n-r  inch  under  Htruiti  ut  ebutic  Ulldi.......*.*. .••..•«..•...•••.......•...•. .d0.. 

K(N)nnti<tn  in  diarni-tcr  at  poiat  of  mptan)  

Kediictioii  ill  an  lafkarvspUireb  per oentamof  original  aeettoB  

Ppaltiiw  oT  rupture....  ...at 

.MiBoK  4tta«h,.88inch,  MlaA,  MiaA  (.8»tMhftMlu«aaootlo^. 


79  208 
36. 000 
0.0517 
.881118 
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Initial  tension  of  ring. 


The  initial  tension  r'xue  was  rlaruped  nltiti>;  a  railius  Ui  the  bed  cf  a  planer,  and  »  nMlial  oat  Bud* 
with  a  sqiiarc-noite  toul  (.330  iuch  widt-).  iu  tlie  pruloniiatino  of  thoclamjM^d  rudiiiA,  oommeuoiog  at  ths 
intedoi.  and  cultins:  towaird*  the  wxtcrior.    V<»ry  liuht  outrt  wcic  luaiU-. 

One-lulf  iucb  fiom  tlie  ceuter  line  of  the  cut.  and  on  eaob  sidA  of  theauae.  thre*  Mta  «f  potato 
tokeo  oao  near  the  exterior,  nnuth^r  near  tl.e  iuterior,  and  a  third  anldway  MtWMM.  nia  dteMton 
mm,  reapectivcly.  24  imbno.  6  inclx  n.  and  15  iuchi  h. 

^I^Deii  the  rKiiiaiuiii^  web  wbh  alxiiit  one  thirty -m-i^ond  of  an  inch  thick,  a  aUgbt  aotmd  waa  baaid. 
tet  no  break  ooiild  b«  dlacoTercd.  The  distance  between  the  exterior  point*  ▲  waa  LOl  isekM.  Tke 
flatting  waa  contiuoed  notU  the  web  waa  aeparated ;  whether  torn  by  the  atratn  or  IblMil  oiT  tta 
tool  eosid  not  boaeoertainod,  aa  tbo  edgoa  wore  roagh  and  l<>aa  tbao  .Ql  iadi  thiok. 

Tlie  neaaareDMiita  g»Te  1.081  InehM,  1 010  lacbM,  and  1.0X0  inehoa. 

IMaotlBf  1  laohftwB  tti6elrotiinf«3niDeeiaiddiTldUig.03tlii«ii  bj  thfl ■■ma,  flhtoia  aattoflfenti 
per  Inch  .OMMtlvclL 

^ni«aiiorMmplMU.lS.aid  llgova,  imdor  aatoaiiior  18.600  pooada,  a  atnleliof  .MOtt  teehpv 

Inch. 

The  top  of  the  ont  at  the  exterior  meaoarvd  Jn  tnoh.  showtne  a  oonteMtlon  of  JM  iDflki  dltHtot 
this  by  the  rircnmferenee  lew  .830  inch,  gare  aa  the  ehantie  pi>r  mch  .0004T  laob.   

The  bottom  of  the  ont  at  the  exterior  measnred  .80S8  Inch,  ahowlag  aooatxaolllNI  Of  .OMta^l  ttd* 
eorredpoDdoil  to  a  ehauKe  of  .00038  inch  per  inch. 

A  iiK'iiii  i>r  Miniples  14,  l.^,  and  16  i:av>>  a  Btrrtch  per  laohof  .00017  ftMb  lUldor  a  itratn  Of  I.T*lfb 
pounds,  and  .(MK)3a  iuch  under  a  Btrain  of  14,000  poanda. 

Xke  laitlal  toaaioa  of  Ihfl  riag  ai^,  thaniBra,  ba  takoa  MbOOOpoaadfl. 
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TAnaBNTiAi.  Tssxs.— (Emplo^iDg  attaciimeat  as  showu  by  blue  pnnt.) 

Test  cylinder  and  reservoir  charged  with  water.  Leng^  of  bore 
cylinder  exposed  to  internal  prcesnre  4.55  incheSf  whicb  iuclades  space 
o(  (-!i])i(>d  by  leather  piickiii^\s,  copper  cliecks  .09  inch  thick  at  endA^ 
and  copper  checks  .18  inch  thick  at  end  B. 


Murk  on  cylinder,  26;  diameter  of  reserroir  chamber,  1. 17  indios  ;  sectional  area,  1.075  «qa*t«iii«kea. 


ApipltodlMiilvaB 
iMmob  of  TCMrrvlr. 

£nlarg«- 

m<*nt 
of  middle 
diameter 
of  oylln* 
d«. 

TotaL 

Per 
aqnare 
mob. 

PouncU. 

1,076 
32,250 

1, 075 
58. 750 

1,075 
•^000 

i,e7& 

Found*. 

1.000 
80,000 

1,000 
50,000 

1,000 
86,512 

1.000 

Inek. 

a 

Initial  toad. 

Maximum  load 
reached. 

0. 

.0014 

.0488 

While  loads  were  applied,  thecylinder  was  covered  with  canvas^  which 
^vns  rotnoviMl  after  each  londinri:  to  ad initof  measuring  the  distortion  in 
diameter  wbile  under  the  iDitial  load. 

After  the  enlargement  caused  by  86,512  pounds  per  square  inch  had 
been  determined,  the  cylinder  was  sabjeoted  to  a  pressure  of  30,000 
pounds  per  square  inch  uncovered. 

There  was  no  evidence  of  porosity  under  this  latter  pnssnieb 
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I. 


^  oraok  one-fourth  of  mi  inch  long  wm  dareloped  in  the  bora  L8  lao'iee  fron  end. 
Vbur  oponKy  «pots  of  iMlal  aioM  «nd of  ofUMar,  vM^lnciB  diMketor  fltMi 


|llKkn«yUBdw,M.] 


\ 


■ 
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IU61lt 

of  middle 

diAfnAttfU* 

of  Avlin* 

Inch. 

T«l»i..  1   1.  ...1 

.002 

.  U04 

.  0045 

j     .  uuOJ 

t  .003+ 

.  0045 

.  009 

.016 

.028 

A  jijilicil  Lki'I"  on 
pistoa  ul  nsMrvoir. 


TotaL 


Pound*. 

1,  075 
10,750 
21,500 
32,  'J50 

1.075 
87,825 

1,075 
43.000 

1,075 
48.  37.'i 

1.075 
53,  750 

1.075 
59.  l'J5 

1,075 
64.500 

1.075 
71^  IM 


Per 
MOMN 

moh. 


Pounds. 

1,000 
10.000 
20.000 
30,  Ot  O 

1,  uoo 
Sf),  (KK) 

1,000 
40, 000 

1.000 

000 

1,  000 

1.000 
65,000 

1.  000 
60,  000 

1.000 

fi;TM 


The  cyliudcr  burnt  iuto  two  i)it « •  .  TI  .  lim  m  of  frattiiui  wfri«  nearly  parallel  to  the  :\xi»  of  tbf 
oyUnder^aml  Mpantud  it  into  parUi  wbiuii  weighed  3  pouada  a  oiulgm,  uid  2  pounds  10^  oiuioe%  r»- 
■PMttfMJ. 


i 


H 

1  ^ 

Si 
1 

1 

1 
1 
1 

1 

ii 

1 

i 

Tbu  line  01  fracture  on  one  8iite,  A,  ut\  ahown  by  tliAlketcb.  wa.s  irreciihir,  tt'nding  to  branch  utitat 
I  «nd. 

The  rrarturt  il  Hurface  was  CT(^i><>l->r  and  flaky,  radialine  from  the  center.    Two  small  bkiW>liolca«n 

lu  till-  phiiic  oi  ria<  ture.  one  w  om-  tialf  inch  from  the  middle  of  the  lenj  " 
and  Hill-  tlnt'i  lourthHof  an  inch  fr«)iii  the  uiddle  at  the  circumference 
It  i-^  thiMijilit  thii*  side  whh  the  tlrst  to  fracturt^. 

The  fracture  of  the  opjiualtv  nide  ■»-«»  more  direct  from  end  t^»  eiiil. 
andiatlDK  from  a  point  at  the  bore,  midway  itn  leni;th. 

The  walls  of  the  cylinder  were  ro<luced  in  thickucsH  .05  incli  ut  1)1. • 
At  bore,  1.15  inch<is. 

The  ooppsr  ohecks  wero  ezpAaded  to  1.04  inoheo  diameter  at  lower  end    ey Under.  B,  and  Lii  inohee 


lt>i  iqipi  ;in»i.(  e  u  ,<h  ;;ranul*r. 
midillc.    Maximum  diami  trr 


9 
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{lluk«B47lliidMvt7.] 


2:500 


Five  «poiitry  Hpot.s  of  metal  wi-i-f 
Tfaiimum  site  of  «poU  .20  by  .20  Inoli. 


oat 


pwiOBOf 

loads  on 
merfolr. 

Enlarge- 
ra*<nt 

of  n)id«lli! 

(liAraoter 

of  eylln- 
der. 

TtOIHM^T 

Total.  ^ 

Per 
Kqnere 

Poufui*. 

Inch. 

1.075 

1.000 

0. 

Initial  kM4. 

10,750 

10.000 

0. 

21.500 

20.000 

.0005 

32,250 

30,000 

.0005 

37,625 

35,000 

1.  075 

1,000 

" '.ooi' 

43,000 

40.000 

1,076 

1.000 

.002 

48,875 

45.000 

1.075 

1,000 

.  005 

58,780 

50,000 

1.075 

1.000 

.009 

50.136 

55,000 

1,075 

1.000 

.013 

64»50O 

00.000 

1.076 

1,000 

.010 

77^500 

72.0m 

Tliecflla4ir1nnl  imlotwo  pieces.  Tkelinee  of  ftielaft  time  nearly  paraOdtollMuteof  flbtc^« 
n«R  and  aofinlid  It  into  parte  weighing  8  pound*  6|  onncee,  and  2  poande  7  oonoea,  xmnmilBnfia* 

Tbe  IkaaUuea  mvt%  gramuar.  One  fractured  anrfaoe  radiating  ftom  points  along tJieDera.  Ills 
ttmglit  that  the  ftacturs oocomd  firit  in  this  nnrfaro. 

^  The  opposite  anrtkce  bed  two  distinct  centerw  <»  1  mdintion,  sitnatedl  inch  and  1|  inches,  r<>HpectiTely, 
iVMitbe  cods  of  tbe  cylinder. 

utile  larger  fragment,  a  longitndinal  Ream  van  openecl  extending  from  one  end  along  the  bore  a 
dMMMe  of  i\  inches,  and  .55  inch  deep. 

Ths  eopper  cbe«kH  wero  enlarged  to  1.02  iucboe  diameter  at  tbe  lower  end  of  the  cylinder,  B,  and  to 
1.08  inches  dinni«>tor  at  thf>  npiM-r  <  nd.  A.  , 

lOnlninm  thickness  of  wails,  .71  inch. 
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(KMkoaoTUBto.tt.} 


( 
1 

j 

1 
1 

1 

1 

P 

1 
1 

1 

1 
I 
\ 

1 

1  ! 

1 

1  i 

1  1 
•  t 

plitaBttf 

loud*  OB 

rsMnntlr. 

Enlar  pe- 
nnant 
ofmlddte 
diameter 

of  i  vUa- 

Total. 

P<  r 

founds. 

i'<mnd$. 

Inch, 

1. 075 

0. 

10,750 

10,000 

.0003 

21.500 

20, 000 

.0005 

32,250 

30,000 

.0005 

37,C25 

35,000 

.0005 

1,075 

1.000 

0. 

43,000 

40.000 

1,075 

1,000 

.0006 

««,  875 

45,000 

1,075 

1.  000 

.0015 

53,  750 

60,000 

1,075 

1,000 

.0065 

00.  m 

M,000 

1,075 

1.000 

.0095 

M,S0O 

60,000 

1,075 

1,000 

.0145 

80,500 

74,^84 

HislBvm  VMS' 

•  1 

.0115 

nMrMdud. 

Tha  hjdrMaUo  pVMMUM  ma  gndaaUj  iBcr— »d  and  aoatalMA  hj  the  cyUatenttiniitlM  povnda  p«r 
■qnTtlnnTi nmtlifi pittnii nrihn nmirriwr  wrnnilnid. Trlnmiwiildiiiilj  Hm xinwwini ftH. BMrnminiiiiuiil. 
boweTer,     aoj  wmaite  «f  rapture. 

Upon  nnimtt  ft«tt  lb«  tMtlRf  nwohtn*  tItfTO  vara  llH^ 
bora,  firam  oQe-hoIf  to  li  tnclus  toBR.  Ob  tlia  exterior  aitHtea  «  aMir;.1ViMb  laaf  waa  datdifai; 
thte  waa  ta  that  part  of  the  cylinOar  eoDtalBlBf  the  tatarior  aiBBla,  botml  iSm^  owoiiit. 
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TESTS  BY  OOMPBESSION:  4  CAST-STEEL  SPECnCBmi  FBOV 
jaa>BB;  2  OAST-BKBBL  SPSOIMKNS  BOB  TBAKB7BB8B 


Auyust  23,  1884. 
No.  401. 


Applied  lo«d 


Per 


Compitss 
sioD  per 
inoL 


600 

5.  000 
10.  000 
15,  000 

2u.oaa  , 

21,000  1 
22.000  : 
SS.000  ' 

24,000  : 

25,  000 

2»V  000  j 

1^7, 1  'l'O  ; 

2S,000 
29,000  : 

30,000  > 
31,000  ! 
3'J,  000  ! 
33,  000 

:m.  000 
3r>,  000 

3«,  000 
37.  000 
38;  000 


40^000 

41.000 
0.000 
41^000 
44,000 
4S.000 
44.000 
47,000 
48,000 
40,000 
50,000 
67.400 
60,000 


Pounds. 

\  000 
10.  000 
15.  OOO 

20,  mi 

21. 000 

22.000 

23.  000 

24.  000 

25.  000 
2«i.  OOO 

27,  (N>0 

28,  (:k)0 

2y.  OOO 

80,000 
31, 000 

n3.  (K)o 

31.  000 
35.  0(»0 
36,000 
37,000 
88,000 
tlbOOO 

40^000 

41,000 
42,000 
43,000 
44,000 
45. 000 
46.000 
47,000 
48.000 
49.000 
50.000 
67,400 
60,000 


Inch. 

0. 

. 000100 
.  0(10250 
. 000417 

.  000600 
.  000617 
.  (K)00ti7 
.  (>tHi717 
.  oi>07«7 

.ooosw 

.  OOOJC53 
.  0<>OK07 
.  OOOtWO 

.  {mu:a 
.  oi  mar: 
.  <.KX)ii>*;{ 
.00I(Ki(3 
.001067 
.001100 
.  001 133 
.001183 
.001217 
.001250 
.001283 

:.ooiaf7 


aivc  com- 
prcjifiion 
p«r  Inch. 


.0058X8 
.007000 
.€0»17 


.00Mt7 

.010100 
.0106«7 
.011838 

.012067 


Twh. 

Q. 

.000100 
.000150 

.  (100107 
.  000183 
.  0<^>0017 
.  IN>0|»50 
.  (MKK)'»0 
.  0(»00,^n 
.  Oo0(i;!3 
.  0i>(>();j3 
. 000034 
.  0001133 
.  000033 
.  0W>034 
.  0(KW16 
.  O^iOO-W 
.  dOIMXU 
.0011033 
.000033 
.000050 
.000034 
.000033 
.000033 
.000084 
.002188 
.008838 
.001167 
.000817 


.mm 

.000567 
,000666 
000734 


Penuo- 


Jneh. 

0. 


bItb  per- 


Inch. 
0. 


inili*l  load. 


. U00017 


.000060 


,000017 


.000017 


.100016 


, 010167 


.010084 


BlMttoUttlt. 

Sapid  < 


Ultimate  strength. 
Load  snslatned 

■when  t«»*t  was 
diMContloiMd. 


TMled  by  triple  flexure.   'Miildlt*  deflection  ;ift«T  tlio  teat,  M 
Blow-bou,  .Ooincb,  diameter,  .06  incli  fmni  iml  of  bar. 

a&NX&A.L  SUMMASY. 

tntimato  utrrn^ni  por  aqnarc  Indi  of  i^rirflnal  flection  pound..       67,  40O 

jKlatitio  limit  por  square  uicliot  oriKtunl  stHitiuu  .....do....  88,000 

Compreaaion  per  inch  under  strain  at  elaaiio  limit......  Inch. .   0. 00128S 

There  were  two  blow-tiolM  in  atghtwlieo  the  bar  «M  ]|  imduM  diMuHtr.  OM|^.iOhr  .lOtoib;  1| 
inobea  from  end,  nearly  tamed  out;  ono^  .10  br  .10  fi^  4ld 
HwBWWWMwHjfaihaiea  In  right 


Digitized  by  Google 
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(Mark  oo  tar,  M{ 


Applied  loods. 


I  slon  p«r 
InoL 


Pound*. 
500 
5.000 

10.000 
If),  1>0(I 
20,  OiX) 
21,00u 
22.000 
23,000 
24,000 
89.000 
98,000 
tr.MO 
2i.000 
20.000 
30,000 
81.000 
SL',  OWi 
8:<.  (»(jo 
34,  o(M.i 
3o,  (HH3 
SB,  000 
til  m) 

40,  OtKi 
38,000 
38,500 
89.000 
30,500 
40.000 
41,000 
4S.00t 
41t00t 
44.000 
45,000 

4e,ooo 

47.000 

4>^.  0()(J 
i'J.  ow 
f>0,  0(1(1 
65,000 


P»und». 

500 

lU,  0<K) 
1".,  0(tO 
000 
21,  000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29,000  ! 
30,000  ' 
81.f00 

t)<M» 

mo 

36,000  j 

37,000 

38.000  I 

r»,  000  : 

40,  0*>f» 

88,000 

38,500 

39.000 

80.500 

40.000 

4UM0 

0.000 

48,000 
44,000 
45.000 
46,000 

47.000 

i'J.  iH)0 
50,  odO 
63,  MM) 


JncA. 

0. 

.  oooins 
.ouooo 
.000433 

.0006^ 

.000700 
.000750 
.000788 

.oooeiT 

.000833 
.000867 
.000900 
.OOOflSS 
.000067 
.001017 
.  ooior.() 

.  OOlOK"? 
. 001117 
.  UUlliiO 
.001200 
.00123^ 
.001300 
.  001^^0 

.002217 
.00^100 
.002767 
.003580 
.004000 
.000060 
.006683 
.  00745(1 
.008067 
.008717 
.009250 
.0<>9760 
.010260 
.010«67 
.011600 


•ive  oom- 
prcMion 


Inek. 

0. 

.  OOOl.'W 

.otwier 

.  0001B.I 
.000200 
.(»00034 
.000083 
.000050 
.000038 
.000094 


.000034 
.000050 
.000033 
.000033 
. 090034 
.  000033 

.  (>iw>itr>o 
.  wmM 

.000067 

.  (K)0050 


.000867 
.000183 
.000367 
.000783 
.OOlOCO 
.M1«M» 
.000718 


.o-Kwn 

.000650 
,0005.13 
.000500 
.000500 
.000617 


Perm*- 

nent  set. 


Inch. 

a 


000017 
.■h.)ui7 
,000033 


.000050 


.000067 


slTe  per- 
maaent 
set. 


Inch.  ' 

0. 


, 000017 

t). 

,000016 


.000017 


.000017 


.  oooioo  I  .  ootjoaa  \ 


,008267 


003167 


007067      .  003800 


,008667 


.  OO-JOOO 


ElMtic  limit. 

SustAinci  II) o- 
meutHiily.  then 
preAHiirefell,  ac- 
ooaipM»t«4  bj 
deflMtfan«ftlM 


U)timat«  stroll 
Load  snsijii 


ilHll 


FaUed  by  triple  aexura.  Middle  deflaotioii  .68  inch  after  tbe  test. 
]f«*d  nyootd  is  vMo^r  «f  blow-kel*  M  Biidl*  AT  tar. 


GENERAL  SUMMA&T. 


etrefiisth  per  wniare  inch  of  orlstoal  oeetioa  -   ^  — ^  - 

Umii  per  nquara  inch  of  origUwl  ■eotton   d» 

"'~~wiMhiiad«rMnln»»«lMti«llnii.....  


8IL008 
o.oniM 
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[Mark OB  W.  til 


Vl. 


1    AjipUed  loads. 
1 

■ 

Pw. 

■ 

ladi. 

Pound*. 

800 

BOO 

8|,000 

a^oM 

10^000 

10.  CM 

UvOOO 

1S,000 

to,  000 

20,000 

21.000 

21.000 

22.000 

22,000 

23,000 

23,000 

24,000 

24,000 

25.000 

25.000 

20,000 

20.000 

27,000 

27,000 

28,000 

28.000 

■Jit,  000 

29,000 

ao.  uuo 

30,000 

31,000 

81,000 

32.000 

32.000 

33,000 

S3,  000 

S4,  000 

34,000 

3;".,  000 

35,000 

:^tj,  000 

30,  OOO 

:i7,  000 

37.  000 

3H,  000 

000 

3;),  OIK) 

Ml.  000 

40,  000 

40.  OOO 

41.  0<)0 

41,  (H)0 

42.  01  hO 

4:;,  iN>o 

4:{.  ono 

43,  (NKJ 

44.  0<W 

44.  (H>0 

46,0iM» 

4:>,  000 

46,000 

4(i.  UOO 

47.000 

47,  000 

4«,000 

48,000 

49,000 

40,000 

50,000 

50,000 

74,800 

74.HO0 

Ml,  000 

M;0«l| 

1 

t 


.000683 
.000733 
.000787 
.000800 

.oooata 

.000867 
.000917 
.000950 
.000007 
.001000 
.  OOlo:',:; 
.  001o«>7 

.  (HIllOO 

.  ooll3:i 
.  00 11  (17 
.  oorjoo 

, 001233 
,  OOl  Jt57 
. 001300 
.001333 
.  0013»J7 
. 001417 
.  001450 
,  Oot4fi7 
.  001517 
,001583 
.001650 
.  ft»i4!>?tS 


I — r 


sion  per 
iaeo.' 


Imak. 

a 

.tWISO 


«ive  CUIU-, 
pr«Mlon  I 
1  par  inch.! 


$. 

.000180 
.090UB 
.000184 
.000016 
.000050 
.000034 
.000033 
.000033 
.000034 
.000050 
.000033 
.000017 
.  0OO05I3 
.  lM>0(i33 
.  (M>oii34 
.  (IO0033 
.  (.N»>'<33 
. 000034 
.  000(1.13 
.  00003.3 
.  000034 

.  mum 
.ooou:i3 

.000034 
.000050 
.00O(>33 
.000017 
.000050 
.OOOOOS 
.000067 
.003283 
.000684 
.000500 


Intk. 
.M0017 


81  ve  per- 
maneot 


Indk, 


ft 
000 
.0M017 


,000067 


o«)Oi)S3 


.OU0O18 


.000100 


.104817 


.000017 


.004184 


Ultimaie  strength. 

LosdsostAlsed 
when  tatt 
diaoontimied. 


Tsiled  by  triple  flexure.  Middle  defleotkm  .80  inch  after  the  test. 


T^ltini:it«"  sticu^th  per  s«niait^  incli  of  (iriciiial  stMSttoil  ...........   

£UMtic  limit  p«r  square  inch  of  original  »ection  r,.4d 

"  ...  ..... 


74.800 
4i^O0* 


i 

I 
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Per 

Total 

HqoAre 

Inch. 

J*outuff . 

Pounds. 

500 

500 

5, 000 

5,  000 

10,  000 

10,  000 

15,  000 

Id!  000 

20,  000 

20,  OOO 

21,  000 

21.  000 

22.  (>00 

2-'.  I'uo 

23,  000 

2a,  IHiO 

24.  000 

24!  000 

2&1  000 

25!  000 

26,  000 

2*.>,  1  (HI 

27,  000 

27,  000 

2«.00» 

28,000 

2«.  000 

29,  0<»> 

;!(>,  dko 

'.in 

:{),  ui'O 

32.  000 

'XI,  IH'il 

33,000 

'1:1. 

34,000 

;t(.  Kci) 

85,000 

30.000 

37,000 

rtT.  (KK) 

38,000 

HS.  (KIO 

39,000 

39,  000 

40,000 

40.000 

n.  ofto 

41.000 

ii,  ;ijo 

il.350 

41,500 

41.500 

42,000 

42,000 

43,000 

43,000 

44.000 

44,000 

45.00(1 

45.000 

4«»000 

46,000 

47.000 

47.000 

48,000 

48, 000 

48,000 

M,QOO 

80,000 

OS.  700 

18^  TOO 

ROM 

00.000 

Compres- 
«ion  per 
iaoL 


SlICCM- 

sivecom- 


I'l'i  in;4 - 

Qent  But. 


sivi'  JMT- 

nuui«»at 


0. 

000133  I 
000317 
00<V4H7 
000633 
000067 

000000 

oo<n»5o 

i>«aiuu 

<  J1133 
(01150 
U01167 

(inr.M7  ' 
ooiaoo 

001333 
001367 
001400 
001883 
0023.13 
002750 
003650 
004133 

oo4fiM ; 

004m  ' 
00^00  i 


0. 

.00i>133 
.0001H4 
.000150 
.0001«6 
.  OOOOM 

.  (idiii  :t:; 

.  IIKIOIO 

.00«017 
.000050 
.000050 

.  (1(11.10.50 

.  (HHI0I7 

.  (Hii>'l50 

.  (iHMioaa 

.000033 
.  000017 
.000017 
. 000050 
.  00()(t33 
.0UU050 
. 000033 
.00(1034 
.000033 
.000483 
.000450 
.000417 
.000000 
.00(1483 
.000417 
.OOOiSS 
.0CKM7 
.OOMOO 
.O00M7 


.000067 
, 000016 

0. 


.  OUUiOO 



.000017  1 

 1 

.OOOUT 

.000017 

.  00OU7 

*   0.  "  " 

.000117 

0, 

.008000 

.oonn 

.00178S  I 

 I 


mttmato  strengtlu 
Load 


VaOtd  by  trtule  flanirB.  Middle  d«fl«etlon  .02  lueh  after  the  teet* 
fl^imu  opntU  tiinhoa  ftom  unii  (oini  Ooiirtli  1>j  oim  alitaanth  liinh) 

G  E  X  K  R  A  L  S  r  MM ARY . 

TTltiiTirifc  ftn  nirtyi  y>oi  Kf|ii.ir!-  iiirh  of  origiusil  .xoctlon  .....poimda..  65,700 

KLiitic  liinii  p<  r  ^i|ii:ir)'  m<  li  i>t  orifciual  secttnii  ..do   4J,.'!50 

CoinprcHmiuu  per  inch  under  utrain  at  elMtic  limit   inch..  0. 001400 

Sereral  email  Uow^holea  were  fbimd  on  one  aide  of  bar,  many  4^  which  tar&ed  oat  in  redndxig  epeoi* 
MB  to  flaJalMd  alaou 
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BEPO&T  OF  THE  CHIEF  OF  OSDNAKOE 


TRANSVERSE  TEST. 


No.  3. 


1 


-A 


(Mark  on  W*  28}  4lMi«ter«  1.1S9  iiiohM»  lo«d«d«(th«iaiddl»i  eadmpportolOinohM 


I 


0 

as 

118 
1« 

.t» 
282 
339 
395 
452 

^1 

678 
734 
791 
847 

9()4 

:»o.) 

1.017 
1,073 
1.130 
l,)fl6 
1.  243 
1,299 
1,  3ffl 
1,  ■il-.' 
1.468 
1,  525 
1, 

1,  ii^iri 

1,604 
1,  751 
1,807 
1,864 
1,920 
1,977 
8.088 
2,080 
8.]4« 

s,ao8 

9,810  i 

xm 

2.485 
2.542  ! 
2.508 
2.654  i 
2.711 
2.768  1 
2,824 

2.937 
2.993 
3,050 
3. 106 

3, 163  ; 

8.219  I 


Potmdt. 
0 

2,000 
4,000 
6,000 
8,000 
10,000 
12.000 

u,  im 

ili,  IH)0 
18,  OVO 
20.000 
22,000 
24,000 
26,000 
28,000 
30,000 
32.000 
34,000 
36.000 
:<s,  oou 
40,  uuu 
42.000 
44,000 

4<),  *NMl 
4H.  00" 

r>(),  000 
52,000 
54,000 

56.  000 
.V,  (MIO 

eoiouo 

62,000 
64,000 
66,000 
68,000 
70.000 
72.000 
74,000 
76,000 
78,000 
80,000 
Ki!.000 
84,000 
86,000 
88,000 
90,000 
92.000 
94,000 
90,000 
08,000 
100,000 
102.000 
104,000 
106.000 
li'f*.  ooo 
\]0,  000 
irj.  000 

114,000 
llibMO 


ItukU. 

0. 

.0010 

.0M3 
.0110 

.0160 

.  01  or. 
. 

.  o  j;."! 
.  oiur. 

.  OMU 
,  Uita^ 
.0418 
.0452 
.0488 
.0521 
.0560 
,0507 
.0635 

.tmn 

.  o7()f< 

.  U747 

.0795 

.0829 

.0867 

.  0008 

.  0!M5 

.0994 

.1038 

.  1080 

.1131 

.  1190 

.1270 

.1340 

.1468 

.1662 

.1913 

.2201 

.2497 

,^S» 

.8814 

.8740 

.40 

.45 

.61 

.86 

.61 

.« 

.78 

.78 

.84 

.91 

.97 

1.04 

1. 11 

J.  -JO 

1 . 

1.  :i7 
1. 46 
L66 


SaocMi- 
Bive  de- 
flecUon. 


JmA. 

0. 

.0040 
.0048 
.0036 
.0041 

.0036 
0O4O 
.0040  ! 

.  (mo 

.  0034 

.ooau 

.0033 
.0034 
.0036 
.  oat3 

.  oo3y 
.  oo:!7 

.  (lO.'IX 

.  ooas 

.  O025 
.0039 
.0048 
.0034 
.0038 
.0041 
.0037 
.0049 
.0044 
.0042 
.0051 
.0050 
.0080 
.0070 
.0128 
.0194 
.0251 
.0288 
.0296 
.0868 


.0428 
.0200 
.06 
.06  I 
.04  I 
.06 
.07 
.07 
.03 
.06 
.07 
.06 
.07 
.07 
.09 
.09 
.08 
.09 


Sacoes- 
■ire  de- 
flection 

.0001 

.0001 

.oooc 

.0005 

.6009 

.0008 

■  « • •             • • 

.0017 

.om 

•  MM 

♦           •  • •  • 

.6010 

.6078 

.0048 

.0647 

.om 

MiBlmoin 
Htrain  oompated 
by  the  formal* 


I 


Digitized  by  GoogL 
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Applied  kwlB. 

Maxi- 

Total. 

mum  fiber 

•Mill. 

3,332 
3.389 
3, 445 
8.  502 
3,538 
8.«15 

i,m 

3.  728 
3, 7M 
8,841 
8i880 


118.000 
120,000 
122,000 
124, 000 
126,000 
128,000 
180,000 
132,000 
13i,  000 
136,000 
136,680 


I)efieo« 
tton. 


2'oundM.    PoundM.  Inehea 


1.64 

1.  73 

}.  h;i 

2.11 
2.33 
S.4« 
2.80 
±96 
8.80 
400 


Succea- 
•ire  de- 
fleottm. 

D«fl80> 

1 

Snoem- 
dve  de- 
flection 
oot. 

Bemarka. 

MB 

na 

.  10 

.15 
.  18 
.82 
.IB 



Specimeu  <uew  off 
tlMCndbflMlBii. 

Tlio  uietiil  itii  tli«<  tmi.sioii  .siily  tipjiositts  th«  tuiddlo  beariii;;  sliowed  iufipiwnt  fractarei. 
I'ci  tunncut  ili>lii'<-tioii,  inchcH 

A  amaU  blow  hole  waa  found  at  the  mtddla  of  Ute  laogth  of  bar,  which  tamed  out  before  flnialied 


No.  4. 


[ 


-1 


LUitoeliM;  Modattlwiaitftot 


Applied 


Maxi. 
ToM.   tnnm  fiber 
•train,  i 


0 

2,000 
4.000 
6,000 
6,000 
10.000 
12,  (H)0 
14,  (X)() 
Ifi.  000 

20.000 
22,  two 

•.M,  000 

•J8,  000 
80.  UOO 
32.000 
34,000 
36,000 
38,000 
40,000 
42.000 
44,000 
46,000 
48,000 
50.000 
52.000 
.Vl,  ooo 
56,000  I 


tiOD. 


0. 

.0040 
.0081 
.0120 
.0160 
.0104 
.  0-J4O 
.  0"_*73 
.  11310 

.  o:My 

.04^0 
.0468 
.  O.'ilO 
.  0.H5 
.0678 
.0617 
.0651 
.0088 
.0728 
.0765 
.8611 
.08n 


8ncc<«« 


8lv«  de-   ^^^^  aeoUon 
I 


,0968 
,1010 

.  1052 
.1003  i 


Jim*. 


.•081 


.0084  I 

.0M6 
.0033 
.0087  i 
.0030  I 
.0030  I 
.0042  I 
.0038  ' 
.0042  , 
.0035 
.0033  , 
.0039  ' 
.  0034  ' 
.0037 
.0035 
.0042  , 


i: 


8L 



.0002 

"  .0002 

.8008 

*0861 

.0000 


.0006 


,0811  I 


.0V24 


.0013 


.0041 

,0030 

,0042   i 

,0042  :  

.0041  1  1   ibiaalio  Uiuit. 


Digitized  by  Google 
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BEPOBT  OP  THE  CHIEF  OF  ORDNANCE 


AppltodtoadB. 


Total*    tuuni  fiber 
ntrain. 


Dellcc- 
tion. 


SucoeH- 
sive  4u- 


Define- 


1  Pound*. 

PoundM. 

Inehtt. 

Inch. 

1         1 .  tVAR 

.•W,  000 

.1142 

.  0040 

1        1,  t^'Ji 

6O.0U0 

.  1198 

.0056 

1      1, 751 

62.  000 

.  1260 

.OIH52 

1,807 

64,000 

.  1325 

.0065 

1.K64 

66,000 

.1436 

.0111 

1,020 

6H.  000 

.  158U 

.0144 

1,977 

70,000 

.iKY! 

.0277 

2,  (':J3 

i2.000 

.2198 

.0341 

2,  0*0 

74.  iHto 

.2539 

.0341 

2. 146 

T<'>,  'tU'i 

.3000 

.0461 

2.203 

.3506 

.0506 

2.2S9 

Ml, 

.3942 

.0436 

2,316 

.45 

.0558 

2.372 
2.  429 

.50 

.05 

.55 

.05 

2.  4K5 

wo 

.60 

.05 

2,542 

90,  000 

.67 

.07 

2,5dg 

Vi,  ooft 

.73 

.06 

2,654 

!i4.  uo'i 

.79 

.06 

2,711 

.85 

.06 

2.768 

98,000 

.94 

.09 

2.824 

100.000 

1.  0 

.06 

lift 

2,937 

1<4,  000 

1.15 

.07 

1  2,963 

106.  000 

1.24 

.09 

^^.  0,10 

108,000 

1.33 

.09 

110.000 

1.41 

.08 

3, 163 

112.000 

1.  51 

.10 

3,219 

114.000 

1.60 

.09 

3,276 

116,000 

1.75 

.  15 

3,382 

118,000 

1.83 

.08 

8.3{» 

120,000 

1.98 

.15 

S.445 

12)1,000 

3.15 

.  17 

S,60fi 

124,000 

S.S 

.15 

a,  861 

i«8;ooo 

151 

.31 

a.«6 

1  m,w> 

%n 

«,«T1 

\  180,000 

z,m 

1.87 

.80 

Inch. 


.006U 


8ucce«>  i 
»ive  de. 
OtotAaa. 


Beouurk*. 


Inch. 


.0036 


,0470 


.0410 


load 


Wh«n  tbe  d«fleetion  nsMtied  5.09  iacbM  Iho 
Vo  liidioMhHMof  rnptore  of  ibe  meUL 
pMsaMttt  dadMUoD  4.46 


oft  tb»«nd 


f 


I 


I 
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Summary  ttatmmt     trial  fyUmbr,  om<  «<M<,yrMi  0U§  Iron  attd  Steel  Cp«|NMy. 


i  8 

I 


1 


TangSBtU,  ontHido .. 
TaogrentiAl,  niiildle  .. 
Tan;;f'ntial,  inside... 
Tan):i>uiial.  inside . . . 
TiiDgt^ntial,  middle  .. 
Taniiontial,  oateiile.. 
Radial,  top  .......... 

Kadial.  top  

Kiidial,  b<ittoin  

H;ulial  bottom  

Lnn^tudin»l.ontHide 
Lon^iitiidinal,  middln 
LouKitiidiDHl,  inside 
Longitadinal.  inflid<> 
15.  Lonjntndinal,  middle 
10.  LoDEitudinal.otttaide 

17.  Badkl.  middle  

18.  Badkd,  middle  


4. 

6. 
6. 

7. 
«. 
9 
10 
1. 
2 

3. 
14 


V 

o 

I 


7.8Slt 


17.86 


.2  " 

•  £  i 

ils 

t  a 

•sl 

B-  I 

a 

^  

Ultimate  elongation. 

Elongation  per  inch 
at  elastic  limit. 

a 

.2  if 

1 

■  £ 

S 

a 

«l 

_ 

I'tmndt. 

I'ouiuh 

Inch. 

Inch. 

Inch. 

Peret. 

60,  88U 

31K  (Mill 

0.  02 

.  001207 

.  014 

5.  0 

7a,  120 

4:1.  000 

0.  02 

.  001383 

.014 

5i.O 

97.44a 

4X,  000 

0.  0383 

.001567 

.034 

11.8 

86,400 

35,  000 

0.  1483 

.001100 

.084 

27.6 

(90,  000 

ao,  000 

0.  14 

.001117 

Ail  » 

.  064 

21.  4 

88,800 

37,  000 

0.  1717 

.0012fH> 

.  o<;4 

21.4 

81,400 

a."..  l.mO 

0.04 

.oona-} 

.014 

5.0 

84.040 

39.000 

0.  05 

.  OOIIKJ 

.  0  J4 

8.4 

87.720 

36.  000 

0. 1117 

.  0011  Kl 

.or»4 

18.3 

88.800 

37.000 

0. 1283 

.001283 

.064 

21.4 

78,480 

40.000 

0.035 

.  0013.50 

.024 

8.4 

86.000 

43.000 

0.  035 

.001367 

.014 

SwO 

84.000 

47,000 

0  035 

.OOlSSO 

.024 

8.4 

80. 480 

37.  500 

0. 18 

.001200 

.094 

80.0 

81,800 

38,000 

0.  0983 

.001233 

.064 

18.8 

79.840 

36.000 

0.0688 

.OOllSS 

.084 

ILS 

<8.(»0 

88.000 

0.0217 

.OOlMi 

.00* 

LO 

79b  aoo 

M^ON 

0.0017 

.001190 

OOMPUiaSION  IXttZS. 


19.  Sadial.  middle 
30.  Badial,  middle 
n.  LoB^todiaml,  iaaUe 


1 

'  Ultiinati' 
:  strength  ikt 
1  aqaure  inch  of 
1  original  aec- 
ti4>D. 

Kliwtii'  limit.  ! 
per^«, 

1 

91,  ¥» 

aoiooo 

o^9eo 

lOLOOO 

74^800 

46.000 

06.700 

41»tS0 

aoouss 

OL 001860 
0.001617 
OLOOIMO 


1 

1  Ifaxiiiinni 

Klii.-tic 

T'ltiliiat«< 

I)<-fl<Ttion  nt 

1  fiber  atrain. 

UmiU 

dedectioQ. 

elaalio  limit. 

1  I'otindii. 

lnehe$. 

Imeh. 

64.000 

i.0 

.1088 

• 

aOkOOo 

&00 

.1000 

TAJrOBVTIAL  TB8TB. 


{ 


Radial,  oataide  ...... 

18.  Radial,  inHide  

97.  Longitadiaal.  oataide 
28.  Longitudinal,  innide 


RiirKtlng 
•trongtb  per 
eqawre  taeb. 


Poundt. 

86.512 
72.  744 

72. 

74.884 


El'>n;;!itii(n 
of  ext«riar  di-  j 


IMtW 


,  10,000  poiiiidii  per  »>(|uare 


lee*. 
.0186 


,0425 
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V\..\'\Y.  I 


/•/A 

ff»n. 


25»26 
i7»28 


"1 


■I 

»3: 


.1 


^4 


I 


IT 


1 

1 

1 

1 

1 

f 

1 

U  i 


Appnad^  aO— 1681 
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Apfbkbix  31. 


MEBOMT  on  PHYSICAL  rRnPEL'TIES  OF  MATERIALS  FOR  GUN  CONaTBUO" 
TION  BY  IU£  SOUTH  liOSTOX  I  BOX  WORKS. 


BY  OAFT.  I>.  A.  ITU,  OBDITAKOB  l>BPABnRMT. 

All  tests  of  ail  elaborate  nature  were  made  at  Watertowii  Arseual 
QpoD  specimenii  taken  from  the  oastings  made  at  this  fonndrjr. 

The  te.st8  for  tenmoity  and  density  niade  here  havebeea  tabulated  be- 
low under  their  appropriate  beadinjjs. 

Table  i. — Snbots  f  Bntler)  for  2o0  4.2-iiioh  projectiles;  composition, 
76  per  cent,  copper^  'St  per  cent.  zinc. 

iNo  tests  made  except  taking  weights  of  the  finished  sabot  to  seer  that 
tbej  came  within  proper  limits. 


Tabu  8. — Dennly  and  tenacity  of  iiirial,  aud  uei'iht  of  ^-inch  Eureka  cored  fikot  fflfjft 
•<  tk0  Souih  BotUoti  FouHdrgf  under  ooutraol  dated  June  23,  lti63. 


Tcaoeitj. 

DeooUj.  1 

Sept.  6 

15 

27,410 

7.20R6 

178=  2 

Sept  19 

2 

179=  45 

Sept.  S8 

20 

28,586 

7.  i»oi' 

180=  154 

16 

27. 015 

7.  1745 

181  =  i9J 

0«t  11 

29 

32.790 

7.2541 

m=  97 

Cot.  U 

30 

31.  m 

7.2546 

188a  19 

0«t.  IS 

» 

26.074 

7.1860 

ToUl . .  sJo" 

OsL  17 

80 

25.  727 

7.20O7 

Oat  U 

88 

85,867 

7.2811 

M«Mi.. 180.7  powido. 

Oet  19 

84 

88,703 

7.1997 

Ool.  90 

80 

24,881 

7.19S8 

Oct.  » 

84 

981710 
98,488 

7.1971 

0«fc  » 

81 

7.9918 

Oek  M 

89 

88,919 

1  T.17W 

Od  IS 

.  81 

801914 

7.1889 

Oet  98 

89 

94,096 

7.9480 

<lat  97 

88 

sa.9n 

7.0089 

1 

Oot  29 

81 

83.715 

7.9517 

Oet  80 

81 

27.504 

7. 1889 

Oet  81 

88 

a&88« 

7.2281 

1 

1 

PET8I0AL  PBonam 


Spooituco. 

• 

CafltaoQ.  j 

(Mtoal). 

HwrdnoM 
(nttit  ^ 

A  1mik}7 

1 

Msixiinniu  

7.  2^11 

35.367 

15.05 

7.  0086 

8.31 

7.1889  1 

99,128 

19.99 

481 

6191  OED  '61 
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Table  3. — Fifty  8-inch  muzzle-loiuliug  rifles,  couv  erted,  breech  in- 
sertion. 

Tlie  tests  for  the  tabes  and  mozzle  colIiirB  were  made  at  Cold  Sprinir. 

Y. 

The  only  test  made  at  this  foundry  upon  thin  pniitniet  was  on  sitec- 
imeim  taken  I'roui  breech  before  piercing  of  gun,  ISoutlj  Boston  Foundry, 
No.  2305,  used  to  replace  a  KKincb  Bodman  smooth-bore  gun  spoiled  in 
borinpr* 

The  original  record  for  this  gun  made  at  time  of  casting  was:  Den- 
sity, 7.2310 ;  tenacity,  32,204.  The  test  specimens  from  breeob  taken 
in  1884  gave :  Density,  7.2GG3;  tenacity,  at>,0i}9. 


Tablb  4.— 2Viai  cglinder/or  ea$ting9  <d  mortar  and  raiit,  made  aadtr  contract  of  S(U»tmker 

1883. 


Wmtt  trial  ojlindera  were  <sut 


between  Deoember  2  ettd  I>eoeml>er  29, 1883, 
wwMlUlevs  ij 


Tbeir 


Iron. 


'  ii  Kichni 


First  c 
Jected) 

Second  ojUoder  (re-  ^  | 
Rested) ■.««»«•.*••- 


I  LiuioBboro 
roon. 
Kichmood. 
Muirktrk.. 

Dovt»r  

ShaparooD. 


 (iBhaiMneoB... 


Third  (qrlinder.... 


11 


i  Kichm' 
K(Kt 


No.  1   

No.  2  

Na3   

No.  4   

(No.  I  

/No.  2 

')  ••XVI I"  , 

I'  XVllI 


T.S1 

7.U 

7.2763 
7.2742 
7.2«22 
7.2«27 
7.3181  i 
7.29ft2  I 
7.  ;ti77  I 
7.  3U13  , 


88,000 

29,176 
25.642 
20.444 

2»,«21 

»29.075 
;32,220 


tInaUe.  ^Oataide. 

The  third  cylinder,  being  deemed  the  best,  was  oat  up  and  specimens 
sent  to  Watertown  Arsenal  for  testing.  • 

Tablb  mMtMU-taadia§  rlJU  mortar.  Imped  wUk  eleeL 

[Tett  specimens  taken  from  iuMai)  t^iMioo  ring  cnt  from  muzzle.] 
TAKQENTIAL  6P£CIM£2r& 


:  Speeimro. 

Tenacity. 

No.    1  .. 

7.  -nm 

29,403 

No.  2.... 

7.  L'740 

30.328 

No.  J»  

7.  2.M4 

81.7.W 

No.   0  . 

7.2.'i30 

30,605  ! 

No.  10.... 

7. 2«16 

31,660  I 

j  No.  U.... 

7.2754 

31,001  1 
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Oat«ide... 

7.2155 

25,023 

Innido .... 

7. 2596 

27,784 

No.  12.... 

7.2S«2 

31.606 

No.  13  

7.2085 

31, 212 

Nu.  14  ... 

7.2822 

82.715 

Ho.  15  

7.2000 

29, 188 

No.  18.... 

7. 2471 

■29,  974 

No.  17.... 

7.  2495 

30,  328 

]>ianieter  initinl  teDsion  oylioidAr.. «.,•••••...•  IsohM..  32.875 

Wi«Uh  of  Hlut  btifore  ruptaro  ......••d*  Sll 

Width  of  slot  after  rnptare  do  tU 

Total  extension  on  exterior   d»....  ,191 

BxwmatMi  per  ItawTiaoh  9t  •ztoKior  flira«nfti«M»-*«  •  do.... 

Initial  tentlon  poudo..  U^TW 


(Tout 


Table  6. — 12- inch  muzzle-loading  rifie  mortar,  hooptd  tpitk  ateel. 

Ukm  tnm  iaitiol  toMtoa  ring;  «nt  tton  experimental  hoopiac  ojUader  alkr  tfeo 

TASOXHTIAL. 


]>noltj. 

TohmHj. 

Xo.  9.... 
No.  10... 
No.  U.... 

7.  2o78 
7. 27:^1 

7.am 

131.102 

•OutHitlo.     t^Sliildle.  ;liuii»its. 

Mof\n  diaiiieti'i  initiiil  tfusiuu  ring. .............................................. ..inche*4. 

Width  of  alot before  raptnxe  •  •.....**.•  do... 

Width  «r  dot  oftwnwliiio  '  do... 

SHbfHMO  .•....*<...•<..••••..••.*..>•■  a.....  •.••••«..•••••.••.••.••..•.... ...do... 

Extenaion  peflfMirliidiof  osMorolnNuaftnoeo  do... 

ititttai  twMnfffi   1  ■ .  T  ....«.••.....•..•...•...*  


31.  0481 


0.0007270 


Tablb  7.— KMinA  brmMoadktg       win  vfttgfti, 
(TM  opootaoM  lAoB  fteoi  Mtlal  toMloB  dog  oat  fkioa  mido.] 

TANGENTIAL. 


8peciiBen« 

Density. 

Tenacity. 

No.l  

Now  8  

HO.S  

7.  2942 
7.2848 
7.1819 

32,  947 

ao^ig 

No.  12  ... 
ITo.!!..... 

7.2805 

7.fn6 

7.tll7 

32,718 
31. 831 
82.273 
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ISITIAL  TBHBIOK. 


Width  of  slot  after  rapture....,..,.*.,*.  *,•....,...,.•••••,..„.  iB^M.,  .Ml 

Width  of  Blot  befora  rnplnre  ...do  Ml 


Difr.nnco  ,  do  Ml 


Meaa  of  tlit  oo  di«met«x8  of  ring  do   34.123 

Bxt«Df<ion  til  l  llnaM  iiMb of  asMtkr  aitwnnfcnBoe    do  *Kh.<&4 

lattlal  temaoD  •  «...  po«aiid«..  16,100 


(Teat  BpeetMeiMtaktD  tnm  iidttal  teatkia  itnf  out  from  bfMok.] 


1  Speoiaieii. 

Density. 

Teaaolty. 

V«.l  

7.  seat 

7.  SMI 
7.WH 

•4.740 

•3.301 
•8,715 



• 

LONaiTUDINAL. 

No.  12  

No.13  

1  No.  14- ... . 

1  No.  15  

i  No.  Ifl  

N«^17  

7.f787 
7.2854 
7.27-28 
7. 2876 
7.2710 
7.t7lt 

81.301 
82.770 
88.268 

32,  701 
34,301 

•U7M 

IHITIAL  TBSnOV. 


]f«aB  4iHMftfl«  laltttl  UaHian  «f UadMr  Imhm. .  ai.  02« 

Width  '  f  ^11  before  ruptunv   ,...4o....  .OM 

Width  ot  t<iut  tiftor  rupture  ,.  ,  do  SiT 

DiffcroDCti  . ,  .....«,.......................do  061 

BxteDaion  p«r  Ilneftr  Iseh  of  exterior  otrcumfereDOo  •«•  *   4o....     . 00061 

Initial  teuitoa  pMate..  UlW 


Tabu  9.~184imI  hmelk'toti^llmg  omMiwi       «sfl  hrtttk  ^p. 

[Te«tep«cim<»ud  taktu  tmm  initial  t«aiiion  ring  cat  fi'Ota  the  breech,] 

TAHGENTIAL. 


8p«cimea.  |  Density. 

Tenacity. 

1  No.l  

1  No.  2  

7.3298 

7. 1'sO? 
7.  a725 

35,608 
29,099 
38,438 

No.  12  .... 
No.  13    , . 
KaU  

7.S445 
l.tllS 
7.a771 

33.  45S 
80,  M7 

I 
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1  No.  20  

7.2875 

1 

3^,  21S  1 

No.  21 

7.3228 

34,  r.4i 

1  Na22  

7.3574 

84,030 

INITIAL  TBK8I0V. 


BstMior  4ittM«tar«f  Tiag  InehH..  87.15 


Widlhef  Riot  More  rupture  do  6 

Width  of  slut  after  raptOM...  do  MIS 


Total  oxteBiloii«B  ostorior   do....    .  1615 

Ext49USiou  perllaoorlaohoikOSMflflr  do  0O089O511 

Initial  tendon  pmntdo..  15^780 


The  other  epeeimens  from  the  breech  ring  wOI  be  sent  to  Watertown 

Arsenal  for  tests. 

Twelve  inch  breech-loading  cast-iron  rifle,  caetbieeeh  op^miusleriiig. 
This  has  not  been  taken  from  the  gim  yet. 


:  Nov. 

Nov. 

Nov. 

Nov. 
;  N<.v. 
I  Not. 

V or. 


21 

23 
1'4 

27 
28 


Nnmber 
cast. 


I 


TMMMd^. 


10  ! 

34  I 

12 

30 

20 

20 


Ikmoll^.  I  Dote. 


29, 

2.'.  SK)" 
31, 176 
31,035 

2S,9H 


7. 2S38 
7.  22iM) 
7.  i)M5 
7.  2020 
7.ai28 
7.1808 


Dec. 
Dec. 

Dec. 

Die. 

Dec. 


Sonol^. 


18 

29,493 

7.2419 

20 

28.014 

7.2295 

20 

81,212 

7.2124 

20 

23,254 

7. 1818 

20 

23,  111 

7.1711 

20 

29,178 

7.2388 

Tablb  ll.^DMi«iliat  ami  ImadHn  o/S^inA  Ml, 


Date. 

Namber 
oaat. 

Teoaolty. 

1 

Densitf. 

Date. 

1 

Number 
cast. 

TLiiaoit}'. 

Uenflity. 

• 

Nov.  23 
Nov.  24 
Nov.  26 
Nov.  27 
Nov.  2& 
Nov.  30 
Dec.  1 

32 
18 
20 
20 
20 
24 

1  Dec.  3 
'  D.-.-.  4 
Dec.  3 
Deo.  6 
Dec.  7 
Doou  » 

1 

19 
20 
20 
20 
2U 
88 

29,797 
27,013 
28.784 

29,  930 

27,  ail 

84,448 

7.2098 
7.2002 
7.1909 
7.  IC^Il 
7.2U15 
7.1888 

28,247 
28.294 
27.404 

30,648 

2.3,  1G<; 

7. 2i78 
7. 1884 
7.1911 
7.2383 
7.1547 
7.1839 

Table  12.—lMnsiiies  and  tenacUiea  of  i.b-inch  skot. 


Dote. 

Notuber 
coot. 

Teooeil^. 

DoDfUy. 

1  Doto 

Namber 

Xoooolty. 

J>enot|y. 

D«c  17 

24 

20,355 

7.  2.308 

Dec  18 

42 

27.810 

7.  22r.7 

.Tan.  5 

14 

24.  887 

7.2226 

Dec  21 

42 

28,seo 

7. 2148 

Jau.  7 

4K 

27,  587 

7.  2042 

Dec.  22 

17 

28,206 

7. 1948 

1  Jau.  8 

IG 

23,  .'iU 

7. 1803 

Doo.  37 

47 

85,038 
11^888 

7.1814 

iJon.  10 

48 

2&,m 

7.1741 

Doa  88 

9 

7.»18 

Jon.  U 

18 

H797 

T.I8I8 
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Table  13.— «md  tmmUim  (tf  4.&-iMA  $k«U, 


MTrajhw 

Xov. 

2n 

2f» 

25,041 

7.2170 

Deo. 

17 

32,627 

7.2228 

Nov. 

28 

10 

2R,T2e 

7.  2078 

Dc-c.  7 

17 

20,055 

7. 15T2 

Nov. 

27 

31 

;{o.  4  SI 

7. 2im 

Dec.  li) 

23 

23,  5>>2 

7.1940 

Nov, 

2ii 

18 

30.  23!) 

7.  20(KI 

Der.  29 

17 

23,  431 

7.1930 

Nov. 

BO 

20 

:n.  9i!t 

7.  22W1 

IK84. 

Dec. 

1 

20 

30.  0412 

7.  2321 

Jau.  1 

32 

22,  47  S 

7.1923 

Dec. 

8 

20 

28,  518 

7.  I<j2i) 

Jan.  ;i 

32 

23,  K24 

7. 1885 

4 

15 

3ti,tH7 

7.213«  1 

.  Jan.  6 

20 

24,987 

7.2228 

Dm. 

f 

17 

rim 

fam.  11 

» 

T.21i» 

Tabub  14.--Fifl7  Batler  sabots  for  8-incL  pi  ojectileB.  Oom position: 

Copper,  75  ]  ,vr  rent. ;  zinc,  25  per  centi        tests  made  of  this  metal. 

Table  15  ~l  ive  hnndi^  16>inoh  solid  shot  for  16-iiioii  Bodman 
smooth-bore  guns. 

The  castings  for  these  shot  were  made  lix>ut  iron  melted  in  the  Kay  • 
den  Tapor  fhel  f arniioe.''  The  details  will  be  given  in  a  report  (now  in 
progress)  upon  that  ftixnaoe. 

In  order  to  indicate  tho  qu«ality  of  the  castin^rs  made  by  this  process 
the  followiiior  ^rand  mean  result.s  arc  giveUy  viz:  Densitfi  7.3044 1 
tenacity,  3:^,850  poimda  per  square  inch. 
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CONSTRUCTION  HEVniiT  OF      tXD  Ai  rXCH  ProjECTILES  WITH  BUTLER 
SABOT  FOR  MUZZLE- LOADjyG  RliLES,  MADE  AT  TOE  WEST  FOIKT 

Foummr  novbmbbb,  rm^  to  fsbbuabt,  i684. 

•  HY  LlKUi.  KO<iKK8  BIHMK,  .Ui.,  OltDNANCE  DEPARTMKXT. 

(3  plates.) 

Uuriiig  the  muauiacture  of  these  projectiles  au  opportuuity  was  af- 
forded for  obeervhig  defects  in  the  methods  used  in  easting  the  S-inefa 
Bbot  and  shell.  In  the  case  of  the  shot  an  improvement  was  made,  bat 
with  these,  and  especially  with  the  3-iiich  shell,  a  diftereut  method,  as 

i1h'  foniHlers  them^olvos  roco^nize,  should  hv  arloptod.  This  will  con- 
sist in  int'ipally  in  njore  <*an'tul  preparations  tor  castin;;  and  the  use  of 
iruii  core-boxes  instead  of  wooden  ones.  To  illustiate  this  mutter,  1 
snbmit  a  somewhat  detailed  deseription  of  the  methods  used  in  easting, 
which,  in  connection  with  the  inspection  reports  herewith,  will  firaeiblj 
bIiow  tlie  advantaj^e,  to  the  manufacturer  as  well  as  tlio  G<»vernTnent,  of 
cniffiil  ]  re]iaration8  for  riKtinfr.  The  follovviii^^-  ])rqjectiles  were  or- 
dered: -fjO  3-iuch  cored  jsliot,  \vei;;ht,  pouiuis;  250  3-incli  shell, 
weight,  84  pounds;  300  4^  ijich  cored  shot,  weight,  34J  pounds  j  250 
4^-inch  shell,  weight,  31^  ]>oauds. 

The  4^  in(  h  to  be  made  of  iron  having  a  tenacity  of  not  less  than  23,000 
and  the  3  iiicli  of  not  h'ss  than  18.000  ])()uinls  per  square  incli. 

The  i\  inch  shot  was  (Icsigiied  to  be  cast  witli  a  core,  as  <::iveu  above, 
but  two  shot  east  in  ihi.s  way  at  the  South  Bosiou  Iron  Works,  prepara- 
tory' tu  making  the  same  projectiles  under  a  duplicate  order,  g£^ve  a 
weight  of  31^  and  31^  poonds,  respectively.  Following  this,  the  West 
Point  Foundry  was  I'equested  to  oast  a  few  sample  4^-inch  soHd  shot, 
retaiiiin;;  the  exterioT-  rHmensions  of  tlie  coreil  shot;  the  result  gave  a 
shot  weiglung  3<'  1  mukIs,  with  iron  of  density  equal  to  7.2602  and  te- 
nacity of  27,000  pounds  per  square  inch.    Assuming  this  as  about  the 
maximom  density  that  would  be  obtained  in  the  mannfacture,  one  of 
these  sample  shot  was  reduced  by  tnrning  off  the  base  in  order  to  bring 
it  within  the  limit  of  +  1^  percent  of  the  standard  weight  of  34J  poands. 
Fi>on  reporting  the  results  of  this  investij^atioii,  tlif  Chief  of  Ordnance 
fixed  the  staiularfl  weijrht  of  the  shot  at  .15  pounds,  and  directed- that  it 
be  cast  solid  with  dimensions  shown  in  Plate  I.   The  dimensions  of  the 
remaining  projectiles  as  msnnfactored  are  given  in  the  same  plate. 

The  patterns  and  molds  prepared  for  casting  the  4^  inch  projectiles 
are  shown  in  Plate  II,  and  those  for  the  S-ioch  in  Plate  III. 

4^-iKOH  j5u±;ll  castings. 

Oareful  preparations  were  made  ibr  these,  inolnding  an  iron  core-box^ 
Hg.  1,  Plate  ll,  in  which  a  hollow  oore-stem  is  earefoUy  acyasted  by 
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means  of  the  cone  and  exterior  nnt  at  its  upper  end.  The  eross-bar  in 
tbe  fia^k,  Fig.  ff,  is  arranged  to  leceiye  this  ooue  with  the  same  adjust- 
ment after  the  core  has  been  made.  Besides  tliis,  tlie  shell  pattern,  Fij^. 
2,  has  an  iron  stem  projecting:  from  the  wood  which  likewise  tits  ni  the 
crotiti  bar  of  the  Mask,  and  in  this  way  the  exact  diiiieu6i«m»  of  tije  moid, 
wben  iinally  airanged  fbr  easting  in  the  flask,  are  assured.  Fig.  3  repre- 
sents a  plan  of  the  woo<len  molds  used  for  making  the  sand  stem  of  Uie 
eore,  the  spaee  witliin  the  iron  flask  beiii]":  too  cmitlned  for  tampinjr  this 
portion  of  tiie  core.  In  using:  theae  niolHs,  the  iron  stom  after  bein<: 
wrapped  is  laid  in  the  lower  half,  the  saud  is  then  lilled  in  au«l  rounded 
•abont  it  and  afterwards  compressed  and  shaped  by  placing  the  upjier  half 
of  the  mold.  The  core-stem  is  made  of  a  piece  of  iron  gas-pipe  0.4  inch 
exterior  diameter,  the  smallest  size  made  being  used  for  these  project- 
iles.* This  stem  is  perforated  in  a  number  of  places  and  wrapped  witli 
hemp  to  allow  free  escape  of  the  gus  dev  eloi»ed  during  the  casting,  and 
tbns  prevents  the  core  m>m  bursting.  These  projectiles  were  cast  two  in 
each  flask  with  the  point  down,  as  shown  in  Fig.  5,  Plate  II,  and  a  riser 
was  provided  from  the  base  of  each.  It  was  not  found  necessary  to  feed 
the  easting  through  thf  riser  as  in  the  case  of  larmier  projectiles.  The 
pattern,  Fig.  If,  followjur;  thv  usual  practice  for  all  ])rojeetih^a,  was  made 
about  0.2  inch  larger  than  the  linished  size  over  the  c.vliudrical  iK)rtiou, 
to  allow  for  finishing.  This  surface  is  joined  to  the  head  by  a  shoalderi 
which  is  entirely  removed  in  the  finishing',  and  permits,  as  has  been 
found  by  exj>eri(*!H  e.  a  better  hnish  than  if  tlie  curve  of  the  head  were 
distorted  and  jdiiH  d  to  the  snrplnsage  of  the  body  asn  tangent.  In  the 
direction  of  the  length  the  only  surplus  allowed  for  huishiug  wa«  aboat 
one-sizteentb  of  an  inch  at  the  rear  and  one-eigbth  of  an  in^  at  the 
ftont  of  the  cylindrical  portion. 

It  may  be  remarked  hero  that  the  usual  method  is  to  cast  shell  ^virh 
the  base  down  to  insure  strength  in  that  porticui.  But  with  i)ro)ectiles 
of  this  size  it  is  not  deemetl  a  matter  of  importance.  Moreover,  in  that 
case  **  feeding''  is  generally  resorted  to,  and  with  the  riser"  coming 
from  one  side  of  tbe  head  tbe  lightness  of  the  stem  in  these  projectilea 
would  endanger  the  disarrangement  of  t  lie  core  under  this  process  with 
the  continued  feeding  of  hot  iron  so  near  it. 

Th.e  following  gives  the  record  of  castings  for  ihe^ie  projectiles,  indod- 
ing  the  average  weight  of  projectile  in  the  lough  and  the  tenacity*  and 


*It  would  be  better  in  this  case  to  use  the  next  larger  size  of  gas-pipe — \  inch  ex- 
terior diameter — as  it  would  ha  much  more  durable;  tbe  smallest  siise  above  should 
be  used  uiilv  tor  projectiles  of  about  3-incb  fwliber. 

The  snitat)le  size  of  stem  (^raw-pipe)  for  a  core  depends  primarily  unou  the  enrilierof 
the  projectile.    For  an  projectile  not  less  than  a  five-t  ixhtos  inch  (exterior 

diameter)  pipe  ahoaMbe  used,  and  for  a  10-inch  a  seven-eighths  inch  (exterior  diame- 
ter.) From  this  we  arrive  at  the  practical  minimum  diameter  that  should  bo  fixed  for 
the  fhse  or  screw  plng-hole  of  the  severnl  calibers,  since  the  hemp  and  sand  placed 
nronml  the  stem  may  have  at  the  least  a  thickness  of  oni--«  ij:htliM  iiidi,  but  Ix-ttt  r  thrt-.-'- 
aixtecnths  inch,  or  even  more.  We  have,  then,  tbe  following  minimum  diameters  of 
mod  stem,  or  what  is  tbe  same  thing,  of  fiiM  oreerew-plug  hole  In  the  rough :  For  all 
3-iiKh  j)r()j('(>tiU  «.  or  U-ini  li  xhot,  0.525  inch ;  for  4^inch  ftlu  ll  and  intormi'<liato  cali- 
bers to  include  an  b>inch  Mkot.  0.875  inch;  for. an  tt-iocb  shell  and  larger  calibers ot* 

J projectiles,  1.95  inoh«t;  and  Allowing  at  tta«  least  on»-«ixteentll  of  Ml  ueh  OO  •  M» 
or  finisliirif^,  we  ttnd  tluit  tho  minimum  clearance  for  the  fuse  or  screw-plug  bole,  to 
allow  a  safe  castiuK  of  the  several  classes  named,  should  l>e,  respectively,  0.75,  1.0,  and 
1.375  inches.  OthorwisOi  one  of  two  expedients  must  be  adopted— either  tn  cast  (ha 
projectile  with  a  core  stem  ton  li^^ht  tor  the  work  it  has  to  do  and  thus  entail  loas,  or 
to  cast  with  a  suitable  stem  and  afterwards  reduce  the  diameter  of  the  finished  hole 
by  means  ot  a  r  hinible.  This  latter  expedient  ift  resorted  to  whoa  tbe  diameter  of  the 
«<aa<iarrf  fnae  ie  within  the  minimnm  demnoe  siven  above. 
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density  of  the  metal.  All  the  castlDga  were  made  cUi-ectly  from  the  tur* 
fiiroaoe: 
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4i*lN0H  SHOT  CASTINGS. 

Tti  Tnakin?  this  projectile  solid  the  fiastiiij^  l>ocattie  a  simple  matterr 
The  pattern,  Fif;.  4,  Plnte  II,  was  made  with  the  usual  Burplns  abont 
the  body  and  short  c.\  liiider  at  tlie  point  to  insure  a  good  huish.  In 
Fi^.  5,  ti^e  mold  is  arranged  for  casting  with  the  base  up ;  some  of  these 
Bbot,  however,  were  cast  with  the  point  op,  to  the  detriment  of  their 
qnality..  With  this  latter  mode  of  casting,  some  of  the  points  lacked 
Roliility  when  finished — certainly  an  undesii  nble  quality  in  a  shot.  The 
tbliowiug  gives  the  record  of  eaistings  for  these  projectiles.  Two  of  the 
lots  were  cast  at  the  same  time  wit£  the  shell  given  above.  These  pro- 
Jeeiilea  were  also  cast  durectly  firom  the  air  farnace: 
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3-INOfi  aHSLL  0ASTIMO& 

The  method  at  present  in  vogue  at  this  foundry  involves  the  use  of 
wooden  ooie*boxes  for  casting  projectiles  of  this  caliber.  Fig.  1,  Plate 
III,  shows  the  plan  and  elevation  of  one-half  the  core  mold  for  shell. 
The  stem  consists  of  a  straight  piece  of  iron,  0.375  by  0.1  inch  in  oroas- 
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section,  tarndd  al  the  point  (uot  shovn  in  the  drawing)  to  bold  the  saud, 
and  bavinrf  an  eye  at  the  base  for  adjustment  of  tbe  core  in  the  flask. 
In  makiii^j  the  core  the  halves  of  the  box  are  filbvl  Kcparntely  with  the 
stem  half  imbedded ;  a  wire  in  laid  under  the  stem  in  each  half  to  give 
a  double  vent  throughout  the  length  of  the  core.  After  the  halves  have 
been  made  they  are  stack  together  with  day  waah.  Tbe  sand  stem  is 
made  conical  for  the  same  purpose  as  in  the  case  of  the  iron  box.  The 
pattern,  l-'iir.  2,  is  also  made  entirely  of  wood,  ami  has  a  stem  at  the 
point  to  piei)aro  a  print  in  tlie  tiask  for  the  reception  of  tlie  sand  stem 
of  the  core.  The  iron  stem  is  not  w  rapped  with  hemp.  These  project- 
Uea  were  all  caet  base  up,  and  arranged  two  in  a  flaak  with  two  shot 
of  the  same  caliber,  as  shown  in  Fig.  5,  Plate  111.  A  single  riser  was 
arranged  for  the  two  shells,  and  opened  from  the  junction  of  the  np]>t>r 
and  lower  portions  of  tli("  flask  instead  of  lioin  the  base  of  the  project- 
ile. The  pattern.  Fig.  i:,  was  made  with  reiaiivelj  the  same  surplus 
fbr  flnishing  as  in  the  ease  of  tbe  4^-inch  shell.  The  Ibllowing  gives  the 
record  of  castings : 
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3<XN0H  SHOT  CASTINGS. 
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Figs.  3,  4,  and  5,  Plate  III,  show  tlie  tiiial  ;maii;;ements  adopted  for 
casting  these  jirojectiles.  The  changes,  whidi  were  made  after  a  num- 
ber bad  been  cast,  consisted  in:  (1)  lucreu^ing  the  diameter  of  the  sand 
Stem  of  the  core;  (2)  making  the  leni^h  of  base  abont  three-eighths  of 
an  inch  surplus ;  and  (3)  carrying  a  separate  riser  from  the  base  of  each 
shot.  At  first  the  sand  sttMii  of  the  core  was  mfnl*'  Imt  o  r*  i?if'1i  diam- 
eter, and  the  iron  stem  within  was  but  0.25  by  O.UGliO  inch  in  (  rtJ.^s-see- 
tiou.  Afterwards  the  sand  stem  was  enlarged  to  0.625  inch  diameter^ 
and  the  same  iron  was  introdneed  as  in  the  shell.  At  first  also  the  pat- 
tern was  made  to  cast  a  finished  base  (at  rear),  and  one  riser  was  fixed 
for  the  two  sliot  as  for  the  shell.  Under  tirst  arranjjements  many 
of  the  shot  were  eccentric  because  the  core-stem  vviis  too  light,  and  many 
others  were  detccUve  at  the  base.   The  latter  defect  was  entirely  I'eme- 
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died  by  providiiijr  au  iooreaBed  leugth  of  base  to  be  tarned  off  and  bav- 
in*^ n  riser  from  tbe  base  ;  the  change  in  the  riser  nlone  would  iirobably 
have  util'cted  the  improvement  at  the  base.  In  lixiiiir  tlie  com  ot  the 
shot  in  position  in  the  flask,  the  sand  stem  was  fastened  into  the  print 
made  by  the  pattern  by  a  paste  of  clay  wash. 
The  following  gives  the  feoofd  of  the  eastings : 
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KOTB.— Bpednoiu  tekeo  la  eaeb  «ue  flrom  roaad  ter  of  imm  CMUag. 


The  3-inch  projectiles  were  all  cast  from  a  mixture,  varying  from  one- 
third  to  one-half  of  oapola  iron  and  tbe  lemaiuderof  air  famace  iron — 

the  two  being  mixed  in  a  molten  stat**.  Tliis  mixture  gave  in  each  case 
more  than  the  required  tenaeify  oi'  is. 0(H)  ]M>iiiHls])er  square  inch.  \*nf 
it  is  l)eliev('<l  tliat  many  of  tlie  defective  3  inch  castings  arose  from  t  he 
bigh  nature  of  the  iron  used,  it  being  appareuL  ihat  for  a  casting  of  this 
[lice  a  smooth  and  aolt  Iron  of  barely  more  than  the  requisite  tenacity 
would  in  general  be  best.  As,  ho\ve\  er,  the  ordinary  ruuof  capola  iron 
used  for  C!n  r«'iit  work  could  not  be  depended  u]mu  to  frive  a  tenacity  of 
18,000  pounds,  it  be(tame  necessary  to  use  the  mixture  which  was  soft- 
ened by  the  addition  of  the  cupola  iron.  Another  defect  arose  from 
this  mixture  in  that  tbe  iron  sometimes  lacked  the  requisite  cleanness. 
A  large  proportion  of  the  S-inoh  shell  were  eooentric,  and  there  were 
also  many  defective  castings. 

In  connection  with  what  has  been  said,  a  coiii])ai  isou  of  the  percent- 
age of  losses  in  the  4^-inch  shell  ctist  with  the  use  of  an  iron  core-box 
with  the  losses  for  the  d  inch  projectiles  will  make  it  apparent  that  the 
same  preparations  should  he  made  for  casting  tbe  latter  as  the  former, 
including  an  iron  core  box  and  flask  ada|>ted  to  it,  witli  a  riser  also  from 
the  base  ot  each  projectile.^  and,  preferably,  cupola  irou  from  a  selected 
charge  should  be  used. 

The  records  of  the  final  inspection  of  the  several  lots  of  these  pro- 
jectiles follow  herewith. 

None. — In  jastico  to  tbe  mannfacttirers  it  must  be  stated  that  their  orders  fbr  S-inob 
projo(  tile.»<,  witliiu  late  .v«>i:irs,  liuv«!  hvvu  ho  liinit«Ml  that  there  li.'is  1n><'ii  littlo  or  uo 
inUucomeut  for  tlrnax  to  incur  tho  ex|>euae  Incident  to  ohaugiu^  their  old-eatabltshod 
methods  of  oaaling  to  oonibrm  to  the  more  ozoet  mqnfieinenti  of  the  pfoseat  d»j. 
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PACKING  BOXES. 


The  following  statement  shows  the  dimensions,  &a,  of  the  boxes  used, 
and  the  nmnb^  of  projectiles  packed  in  each : 


Projectile*. 


Packing  boxes. 


Kind. 


•Na 


LcDgtb.' WidllLisapth. 


Gross 

.  .  ^  weight  of 
Weight  package, 
of  biix  , 
empty. 


•iin  h  mIk'II  ...  5 

4i-itu  h  Hliot   5 

S-lnch  shell   12 

S-incbshot  j  12 


Inchtf. 
22.  a 
22.3 
17.9 
17.9 


Iiu-fits. 
12.  25 
11.  1 
7.5 
7.6 


4.5 
4.5 
7.0 
7.0 


VountU. 
17. 

16.  .^ 
ia.5 


Poiindt. 
173. 
;>02. 

wi.r, 

142.5 


"W.  P.  F.,  5  4\  \r\,  h  nnth-r  slioTl 


W.  P.  F.,  :>  4*  iurh  Hutler  shot. 
W.  1'.  F.,  12  :i  iiK  h  HufliT  shell. 
W.  P.  F.,  12  3  iucU  Butler  shut. 


The  boxes  are  made  of  inch  pine  boards,  fastened  with  nails,  and  bound 

at  the  ends  with  hoop  iron  ;  the  size  ia  adapted  to  tlie  i)rojectiles,  .so  that 
no  packing  material  was  necessary.  Tlie  4^-inc'h  i)rojec'tiles  are  laid  in 
a  single  tier  with  the  ends  reversed,  to  protect  the  sabots  and  equalize 
the  weight;  with  the  shot,  straight  pieccfi  about  1  indi  square,  and  equal 
in  lengSi  to  the  depth  of  the  box,  were  set  on  either  side  of  each  point. 
The  3-inch  projectiles  are  similarly  j)ackcd,  \fith  the  ends  reversed  aCTOBB 
the  box,  bat  in  two  tiers,  with  a  false  bottom  laid  between. 

luttptcflon  report  of  A\-xnch  otjival  Inarlcd  Htitlrr  xhrU  fi^r  mii::h-loa<fi>ifi  ri'lts,  mnde  fjrthe 
Cnited^tatti  Ordnance  Dvi^artmeut  buU»e  "  en/  Point  Foundi  jf  AsHociatim,  at  the  H  eatFaimt 
Fftmirg,  tmder  comlnut  of  tkt  Chief  ^  OrAiMoe,  V,  8,  Amp,  difM  Jf&tmh$r  13^  lAB. 


Prescribed  i  Allowed 


Laogth  of  cylindrical  portion  of  body  inches.. 

Lengtii  of  head  do.... 

LoTiL'tti  (.!'  l>a.se  for  xabot  do.... 

'J  otal  l.  iiL.'tli  of  |>rt>je<!tll«»  do  

1  HanicttT  of  cvlinilrical  portion   do  .. 

L)i.tun<t»'r  of  bano  at  bottom  of  thrcadn  tio  . . 

KadiuM  of  iii-ad   do. . . . 

'lliickni(«(»of bottom   do  

L»'umli  of  itittM ior  cavity .   do.... 

TbickuPHs  'if  wmIIh  at  2.3  in<'lir»  iVoni  base...... ..do.... 

Thicknox'^  'it  walN  at  7.:<.'  uichoMfrom  bAsa.......dO... 

Ecc»>n!ri<  it>  of  axin  of  inti-iinr  cavity  ....dO 

DiaraHci  <'t  iti/.<-  )io|i'  at  ImtKiMi  nf  threads  ......do... 

Pitch  of  on  I'u/i-  Oit  Hcii'vv-plan)  bold............ 

I.(  tii:tb  of  tlm  ai!  ou  tiize  (or  .-tciew  plog) kolt....lBCll.. 

Weight  uf  pi ojeotile  without  sabot  pOOIldS.. 

SAUOT. 

Balchtof  saixit  laches.. 

Rxtevlor  dianict'T  of  r<alHit  ..............do.... 

Interior  di.mieter  of  M.ibot   ......... ....do  ... 

Maximum  thiekneiMi  ofoatet  Up. ..........>.... .-do.... 

Minimum  thickness ofMtsr Up  do.... 

Depth  of  cnntit  lata   do — 

Msxiroutii  width  ...............do  

Wetgbt  of  sabol  paoadt.. 

Wslgbf  of  sabot  aad  pn^tetiit  do.... 


7.5 
4.35 
1. 1 

12.25 
4.  46 
3.06 
8.75 
1.25 

10.0 
0.88 


I 


i:0.05 

*0. 1225 
±0.01 

i:0.01 

^0.05 

:1:0.1 

^ai 


0.  0675 
1.04  .  ±0.01 
12  to  the  iooh. 
1 

2a  OS 


1. 1 

4. 40 

3.06 
0.25 
0. 15 
0.6 
0.2 

tun 


dbO.01 


Xnniber  of  4i-inrh  Butler  shell  examiaed.  200 
Number  rejected  for  •Ceenttiol^  of  iB> 

terioroarity   8 

Number  nloolad  IbrdefiMtalBaiatMilalor 

flaish   11 

Total  aamber  rejected   19 

TMalaaaboraeoeptcd  •  SM 

Wsljdit  of  lieavtoat  oae  aeeopfeod  (tmlad- 

las  sabot)   tLSS 

Weight  of  Ugbteat  ooe  aoeepted  (iae1ad> 

lac  sabot)*   S0l76 


Weight  of  total  number  accepted  (exclad* 

ing  nsbots)  

Meiin  weight  of  projectile  (ezoladiBg 

HulMtt)  

Number  of  ssbota  examined   ...  J 

Number  of  (ial)ot«  accepted   I 

Weight  of  tots!  number  accepted   I 

Mean  weight  of  sabot    

Wslf^t  of  total  aamborof  shot  and  oaMa 
aaoeptod  i 


S.fl 
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Avenge 


5  From  7.1724 
)  To      7.  2318 


7.aMl 


Tenacity. 


Pre- 


Actiud. 


AUowed 
varit- 


Actual  varU- 


iFroni  'J'2. 4»2 
|To      I'K,  675 


25,430 


'  Tnm  —  602  75  pai  tu  r«>jip,  r. 
'To     -f 5.675,  S.>pai-U  ziuc. 


RUfABKB.— Mad*  after  drawUiff  tttaebed  to  contract.  Shipped  Febraar>  11,  1884.  to  Kew  Tork 
Arflenat,  GoTemor's  Island.  New  York. 

I  ccrtlfj'  that  T  have  carefnllv  iunpocttMi  the  altovr  rmtt'd  jiriMcctili  -^  »nii  that  thev  conform  to  tbedi> 
nii-riHion!*  pn'srrilM-iI  wiiliin  the  vtiriaiioiiH  allowi-d  ;  itud,  luttlx-r.  ;)iiit  tlii>  tonos 01  tiM fluntlMt M  tO 
luAteriAi  and  workiuaunbiu  bavo  b«en  compliwl  with  lu  tkvir  mauutit<  ttire. 

R.  BIRNIK.  Jit . 
Litutenant  of  Ordnanc*,  Inn>ect«r. 


Imnpection  report  of  A\-i»ch  oyiral-headcd  /hith  r  hoIuI  Hiiot  for  miizzlr-loadinrj  '  ifhK,  made 
for  the  United  Si aiwt  Ordnance  Department  by  the  H>«(  i'uint  tomdry  J»tntctatton,at  the 
H  eat  Point  Fwmdn,  KMlar  mntrmol  of     Ckitftf  Ordnmtm,  U,  8,  Armg,  dmM  Nf 
dcr  13,1063. 


'  Pr^ncribed  Allowed 
!diuien»iun».  varidtlona. 


Langth  of  cyliudrelalforlinofbodj  fDebM.. 

Length  of  head  do — 

Length  of  baeefor  aaliot. ...... ...........  ......do... 

Total  length  of  nrojeollle  ....do.... 

Diameter  of  cylindrical  portion  ..io. .. . 

Diaaiel«r«rbaMaiboMMof  thiwda  do.... 

Badliia«rbMid  do... 

ThiokneM  of  bottom  do  .. 

Weight  of  prq|ectile  poonda 

8ABOT. 

Helf^ht  of  iMilmt  iiichea.. 

Exterior  ilianit^ti  rot'  salxit   do..**' 

Inteiior  dinni)  t<  r  of  naltot  do. .. 

Maximum  thii  ku*  sm  ot  out  or  lip.....*. ,•*...•*... do. . . . 

MIniinuiti  tliii-knoM  of  outer  lip......   do. .. 

Dvpth  of  raniii  lurt.. ....................... ......<U> 

Maxinuim  width   do....' 

Weight  of  sahot    fOODda..! 

Weight  of  aabot  and  projectile  do  I 


ft,  IT 
6.02 
LI 

ILl 
4.46 
SM 
€118 
L526 

82.8 


1.1 
4.  46 
3.06 
0.  2.1 
0.15 
0.6 
6.S 
S.S 
SS.0 


+0.115 

-0.1 
i  0.  U5 
i^O.U 

^aoi 

ibO.61 
A6kQ6 

aO.1 


:1:0.01 
iO.Ol 
4  0.01 
i  0.  01 
±  0.  01 

±0. 01 

•10.  Ul 


0.525 


1(  umber  of  ii-inch  solid  abol  examined ...  305 
Komber  m|oqte4fB>doll>0f  fan—I  oririor 

rtnish   6 

Total  number  rejected   5 

TuUl  number Moepted  ...   WO 

Weight  of  haaivlm  om  aooopWd  <laahid>> 

ing  sabot)     Mbl5 

Weight  of  lightett  om  aeeopted  (indai*  • 

iagMhot)   u.n  , 

Walgbt  of  toM  Bomber  accepted  (exolnd* 

iBgaaM)  —   •,mk  I 


Mt-an   wt'i^ht  uf  prqjectUe  (OZolodlng 

sabot)      32.79 

Mamber  of  sabots  exaBlaed...... ....... .  311 

KvBber  of  sabots  rrjected  flir  dafeota  fai 

material  or  (iniab......   11 

Toul  numiwr  of eabota  t^Jeolad   u 

Kaaiber  of  eabola  aooaFtad  100 

WeliibtoriotdmniberaMaptvd  iOO 

lUan  weight  nf  sabot  . .   t.S 

Waightof  total  number  of  shot  and  sabota 

  M^4W» 
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VHT8I0AL  pionnma 


1  1 

i  ' 

1       "     •             '  l>eni>itv  (ac 
• 

• 

•  • 

Pn- 
lerlbcd. 

Uuo*. 

Aciaal  raria- 

1 

M«M«f6»p«cimeni.              '  JJ^J 

23,000 

l£o  9B.041 

75p«rt«  eopMfc 

• 

Arernge                     7. 226 

91^  IW 

Rrmaiikh  — (-'oiitract  drawinc  niodifinl  bv  letter  Chief  of  Onlnanee,  dnted  Perember  niv- 
Hi  ril"  il  '.vi  i-iit  i)t  .shot  tixin\  by  Mariie  jii  iimiuds.  ami  orileri  <1  to  1h'  cant  solid.  Standard  dr-awinj. 
iH-»tr.  rtm '.-i  lili!  No.  '."24.  SlMppwi  February  H.  I^ft4,  to  N'l  U  i'oi  k  AtHenal,  (Joveriior's  labiDil  New 
York. 

I  certity  that  I  have  eat et'itlly  innpinHcvl  the  abovo  uote<|  pi ujct  tilcH  nu<l  that  th«>Y  iwmf^TTin thtjj- 
tneiiMitin.x  |>ie-«<-tib<  d  within  the  ^'uiiatiuUH  alluwed  ;  atnl.  Iiiiilu  r,  tliat  the  tsnMttftlMMiteMiM 
tn^t«r«iti  lutd  irgrkuiAaabip  bAve  boon  ooinplU»d  witb  in  their  luauuractaro. 

Unttmmt  ^' 

Pate  «f  totpectioii,  Jia— ly  U,  MM. 


Inxpnlion  refmrt  of  ^-iiwh  ogital-headid  linthr  fiitll  for  mtuzle-loading  rtftet,  mtuit  Jor  tkt 
Vfiiird  Sfaten  Ordnance  department  by  the  li  t/it  PoM  Foundry  A$»oekUionf  at  tft«  Wmt 
Point  Fomtdrg,  undmr  cQmtr«ut  qf  the  Cki^ttf  urdmune,  U,  8,  Arauf,  «ka§d  Jfwmhm  ML 


(Jobjcot  of  measarement. 


I 


L«nirth  of  e.Tlindiical  portion  of  body  inohM. 

Leujcthof  head  do  .. 

I^nuth  of  bnaM  fbr  Mbnt  do... 

Potal  IfDittbuf  pndrctilft  do  .. 

iJiaiueterof  cjllDdiical  portion  do  .. 

Diameter  of  bA««  at  butlom  of  threads   do. .. 

Kadiu»  of  liead      ..  do  .. 

'I  hickiiCMa  of  bi>tt(im    do  .. 

Length  of  iDt«rinr  oHvity    do 

TbtrkiieHs  of  wjilN  at  2.ii5  inclics  from  b»He  do  .. 

Thickiiem  of  walN  at  4  H  inche*  fiom  bi»H«    do... 

Ecc«-nlrieit>' ot  a\iH  of  iiiteiior  lavitN'   do  .. 

Diameter  of  fu/e  hole  ;<t  botioni  of  tlireadH  do... 

Pitch  ol  thie.iil  uii  fu/i  ii.t  -(  ri  «  [jIul:)  hi>U'  do  .. 

Looctbof  tbrtMMl  on  tuze  (or  iKTew-pliitf)  hole...  jIo  .. 
WdltfiKof  piqlaotUe...  poSods 

•ABOT. 

Height  of  nabot   .incbea. 

Exterior  diameter  of  i«alK>t   .............do... 

Int*-ri<ir  diameter  of  nabot  ...do... 

Masiiiiiiiu  tbiekiiesH  of  outer  lip. ................ do  ..  I 

Mininiiiiii  tbickueMa  of  MrtW Up  .................do....! 

Dt'pth  of  oaiiiipliire. ........... ...........  ...  ..do....i 

Maiimiini  width   do  .. 

Weight  uf  naliot  poooda  .1 

W«lgli»«rMbo«aBdpfq|Mtll*  do  .. 


Preacrlbed ;  Allowed 
dlBMOsUMW.  TariationM. 


flLS 
X9 

9.9 

7.6 

2.97 

l.»7 

3.71 

1.0 

6.5 

0.44 

0.44 


1.04  I 
12  to  the 
hO 
T.40S 


-O.M«  I 

i:0.05 

i  0.  075 

±0.01 

±0.01 

10.05  ' 

±0.1 

±0.1 

• 

0.045 
±9.01 
inch. 


0.  0 
2.»7 

1.  »7 
0. 15 
0.1 
0.5 
0.  l.-i 
0.785 


nuc 


Hvmbtr  rf>>iiiek  Batter  ahdteraMBlard. 
Svnbeir  iciestSQ  tu  t 

othMA  .... 
Xvinber  reieel 


af  «f Usmo  body  «r  l 
SonlMr  ndeeled  tar 


Itricity  of  !»• 

torior  ooVfaj   IT 

Vnmber  refected  fbr  defect*  in  material  or 

flnlah   64 

Totol  nnmber  rejected   144 

Total  Dumber  accepted  S80 

Weight  of  heoTieat  one  ocoepted  (inelod* 

imaobol)  .;.   9.n 


Weight  of  lightcat  one  i 

lug  sabot)  

Weigbt  of  total  aooiber  aooeptod  <ox> 

eUi^ngsabata)  1,1 

MeoBwdglit  of  prqMfl*  (ttoliiABg  m- 

boU...'    ••     .............  •  .^fl 

loor* 


of  aahati  examined 
or  OidMlO  accepted. 
Walgbt  of  total  aubao  ooa 

Moaa  weight  of  aabot  

Woiidit  ortotal  nmnberof  ahotoad  aabota 
aooeptod  
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PHT8ICAL  PSOPXBTIBSw 


Specimen. 

DexMity  (act- 

! 

Sabot  metal. 

Pre- 
•oribed. 

ActuftL 



^  From  22, 454 
>To  28,108 

Allowed 
Taria- 
tiOM. 

Actual 
vMiiitions, 

XMB  of  t^pMlBWDS 

(  FromT.  1R75 
)  To      7.  'ZWl 

-540 

From  +f',  ■IM 
To    -(-lit.  lO,'^ 

75  partn  copper. 
aBp«rls«iMi. 

........ 

M,9M 

R&MAUKB:  Mad*'  iift«  r  ilriiwin;.'  at (atlji-d  to  iMintruct.  ShfpjxMl  Kchniftiy  11,  lf;*4,  to  New  York 
Anenal,  Govithot  'h  IsLukI,  Xi-w  A'nrk. 

T  rrrtifj'  tlint  I  have  o^ivtuUv  iii>*p(»  tc<l  tin-  alOTTpnnt*  <1  prniectili'i*  and  that  tbej  confoimUi  the 
diuiPiisiiiiiH  ]ii-escribed  within  tin-  vnriatiuiiH  alluutd:  :iti<l,  tinther,  that  tbA twmiC M  tlM WMtkMt  M 
to  material  and  workauuMhiu  haro  beeo  comiiUed  with  in  tbeir  iuaunfnctnr<^. 

i:  liiiisii:  Jit , 
LituUnant  tJ  Ordnattc€,  Jnntctor. 

Ditoof  liMpcalfoB.  Fe1>ra«7  7,  UM. 
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MJKUFACTUMB  OF  SABOIB  FOB  MUZZLE-lOADim  PBOJgCTILXS. 

BT  UB17T.  Mm  BmnK,  JE.,  OKDWAXCE  DSPASnmT. 

(1  plate.) 

The  follow  iTi<]r  notes  relate  to  the  inanafactare  of  the  Butler  aabot  by 
the  method  at  pre^iit  in  vogue  at  this  foundry. 

The  composition  is  sn  alloy  oontatoing  70  parts  copper  and  SO  parte 
nnc  These  metals  are  carefully  selaeted  for  pori^,  the  hest  brands  in 

the  markets  beiu^  purehaHod.  Those  at  present  nsed  are  :  Lake  Supe- 
rior iupot  copi)er,  Quiucy  Mining  Compauy,  aud  Bergenport  spelter, 
made  from  pure  Lehigh  ore.  The  Lehigh  spelter,  which  &onie  years 
since  held  the  first  place  in  the  market,  is  said  to  be  no  longer  mauu- 
fBCtnred. 

In  commenoiiig  an  order,  dated  May  27, 1884,  for  300  of  these  sabots 

for  8  inch  miiJ^rle  loading:  proj<>ctik*s,  onlj'  new  iiH'tfils.  above,  were 
Tisi'd.  HTu!  no  brass  or  comi)u.sition  was  afterwaid  mtrodia  ed  in  the 
charges  ol  the  furuaces  except  the  "  gates  "  aud  chips  Irani  current 
eastings,  together  with  an  ooeasional  imperfect  easting.  The  eastings 
were  examined  as  soon  as  made,  and  the  imperfect  ones  laid  aside  for 
reiiK  Itinir.  Tlic  imperfections  a{)pfirent  at  tins  staj^o  consist  principally 
of  cavines  in  the  outer  surfarf.  but  it  may  happen  tiiat  the  metal  in  the 
crucible  becomes  too  cool  before  its  contents  ai'e  emptied,  in  which  case 
one  or  more  of  the  last  eastings  poured  ftom  it  will  be  Impetftetly  ^led 
oat.  A  easting  which  passes  this  first  inspection  is,  if  the  patt^s  are 
carefnllj  made  to  *^'iyv  sntTicient  metal  for  the  finish,  rarely  thrown  out  in 
the  finisliin^'  kIioj*  or  at  the  final  inspection.  At  tnis  inspection  serious 
defects  may  be  anticipated  only  under  the  *<gate.''  There  the  metal 
may  be  drawn  and  more  or  less  honey-combed  under  the  snrfhoei  with 
perhaps  only  a  small  orifice  at  the  eztnior ;  elsewhere  probably  aU  the  * 
bad  features  of  the  metal  will  be  apparent  on  the  surface. 

The  patterns  are  made  almost  entirely  of  hard  wood,  but  fniislrfHl  and 
put  together  Nnth  care,  not  only  to  secure  accuracy  in  diiueusiou  but 
also  to  give  no  more  than  just  sufficient  surplos  metal  for  the  finish, 
and  thus  avoid  waste  in  taming.  Diawings  of  the  seveial  parts  are 
appended. 

Figs.  1  and  2  represent  the  two  partis  of  thp>  core-pattern.  The  object 
of  this  pattern  is  to  make  a  core  for  rou^h  ca8ting:  tiie  cavity  in  the  sabot 
under  the  lip;  the  size  aud  shape  of  this  cavity,  combined  with  the  ten- 
dency of  the  metal  to  elog  the  oatting  tool»  makes  it  adTisable  to  ose 
this  method  instead  of  oatting  ont  the  oavity  ftom  a  solid  easting,  bat 
the  core  is  a  difflcuU  and  delicate  piece  to  mold  and  oonsiderably  in- 
crease^i  the  time  aud  labor  enqdoyed  for  the  ciustin{». 

In  making  the  core  the  two  parts  of  the  pattern  are  put  togetlier  aa 
shown  in  Fig.  2.  The  eirealar  cavity  of  triangolar  eross-seotlon,  a  a,  is 
first  filled  with  fine  molding-sand,  aud  then  inch  brads  are  stuck  half 
"Way  in  ut  short  iutervalK  anmud  the  middle  of  the  top  surface  to  liold 
this  rim  to  the  body  of  the  ct>re-mold  above.  Next  the  mohl  is  tilled 
nearly  to  the  surface,  and  the  two  sustaining  rings  of  iron  (Fig.  3)  are 
embedded.  The  mold  is  then  tamped  and  flmshedi  tamed  apslae  down, 
6191  OBD  32  *  ^ 
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aod  tbe  patterns  witbdrawu.  The  core  is  next  brasbed  with  a  wash  of 
b]aok-lf  «d  and  Anally   dried  for  use.  Tbe  completed  core  is  aAiowb 

in  position  ill  Fig.  5.  For  some  castings  tbe  molder  need  only  fine  pre- 
pnrvd  nn)ldiug-8aiHl  for  tbe  core  ;  for  otbers  be  used  a  mixture  of  this 
sand  witb  one-fonrtb  firt*  sand,  the  ivsiilt  beinpr  that  tbo  tiro-sand  in  not 
cousidered  a  iiftciSijai;)  iugiediiul:  tbe  tjuibcieiic^  of  tbe  iuolding-j«and 
fdone  vill  depend,  however,  upon  its  manipnlation,  and  especially  upon 
tbe  experience  of  tbe  molder. 

The  ir,\tU'rn  is  shown,  Fig.  3.    Tt  is  l^nilt  np  in  sections  of  bard 

wood  and  iias  a  (  (luple  oi  metal  plates  eniluuUh'd  in  tbe  lower  sniface, 
in  tbe  center  of  w  bich  are  tbreaded  boles  for  tbe  introductioo  oi  a  key 
to  be  used  in  witbdrawllig  tbe  pattern  ftom  tbe  mold.  19ie  portion  b  h 
of  this  pattern  makes  a  eayity  in  the  mold  which  reoeives  tbe  body  of 
the  <-oro  e  r,  of  corresponding:  shape,  as  shown. 

Tbe  boxes  for  the  mold  (Fig.  5)  are  of  rough  wood.  For  this  ]>or- 
tion  of  the  uioid  (all  except  tbe  core)  tbe  sand  is  used  green.''  The 
aides  of  the  seveial  patterns  are  eloped  to  constitate  a  "  draw,"  cty  in 
other  words,  to  fiMsilitate  the  withdrawal  of  the  patterns  in  making  tbe 
molds. 

Shrinl-agc. — It  may  be  obsei  ved  that  both  tbe  exterior  and  interior 
diameters  of  tbe  sabot  patterns  are  larger  than  those  of  tbe  finished 
sabot,  bat  it  is  fouud  that  tbe  shrinkage  of  each  of  these  diameterb  iu 
tbe  easting  is  about  0.125  inob,  so  that  tbe  rough  eastings  are  of  satli- 
fectory  dimensions.  If,  however,  tbe  inner  diameter  remains,  after  tbe 
castin;^  is  cool,  sli^^ditly  larger  than  tbe  5.75  inclies  prescribi'd  within  tk« 
threads',  it  will  be  lound  that  tbe  cutting  of  the  threads  will  crowd  the 
metal  inward  sufficiently  to  overcome  tbe  scantuess.  As,  for  instance, 
eabots  whioh  gave  ah  interior  measurement  of  5.77  inches  in  the  longb 
easting  were  found  to  fit  tbe  gauge*  accurately  when  finished. 

fasfing. —  The  fnmace  is  an  o5'diii;irv  brass  molder's  fbroaoo  with 
double  cylintU'i's,  each  of  which  lioid  -  one  crucible. 

Tbe  capacity  of  the  latter,  used  lor  liiis  work,  is  about  IGO  pounds, 
and  ran  fmm  10  to  12  sabot  castings  each. 

The  following  is  a  record  of  the  caBting%  Stc  i 


CMtings. 

Metals  uaed.  ' 

Spelter. 

D»te. 

i 

1 

ss 

Hi 

1 

r 
1 

2 

a 

o-» 

|« 

Spelter. 

1884. 

Poundi. 

Pimnd*.  Pound*. 

Pound*. 

JPer  eetht. 

» 

• 

XS 

flD 

M 

m 

SB.  8 

About  5  per  cent. 

by  weight  of  the 

metal  waated  In 

thp  nirUlnjt. 

Mav  30 

18 

12 

ISO 

S7 

64 

251 

29.9 

About  3  juj-  cent. 

Iday  31 

?0 

12 

178 

25 

76.5 

279.6 

BO.O 

June  '2 

16 

rj 

170 

40 

73 

283 

80.0 

June  6 

1» 

12 

182 

78 

261 

30.3 

June  0 

20 

12 

181 

80 

08 

289 

29  7 

June  7 

20 

12 

194 

20 

85 

299 

30.5 

JmM  9 

20 

12.4 

166 

50 

72 

288 

30.2 

Jam  in 

20 

12  i 

ISO 

35 

77 

292 

30.  C 

JiUM  11 

'JO 

rj.  ■» 

177 

40 

76 

293 

:to.  0 

JvM  12 

23 

12.4 

18>0 

eo 

77 

817 

80.0 

J«M  18 

28 

12.4 

106 

50 

84 

830 

30.0 

Jul*  14 

23 

12.4 

175 

70 

76 

820 

80.0 

jVM  16 

23 

12.4 

178 

70 

78 

326 

80.6 

JUBft  17 

21 

114 

m 

M 

»6 

1  ms 

80.3 

Jwa»  10 

tl 

U.4 

UO 

4ft 

1  Md 

80.0 

*  S«e  Seport  of  CbieC  of  Oidnanoe,  U.  S.  Aimy,  1860,  bottom  of  page  316. 
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The  perceutage  of  zino  (or  spelter)  is  falcnlatcd  i'lom  the  quautitj  of 
new  metals  iutrodaced  in  the  charge.  This  quautitj  is  wade  to  depend 
upon  the  oapaoity  of  the  eraoible  and  the  amoant  of  bnuM  ('<  gates  ^  and 
imperfectoaetings)  available  at  t  lie  time;  generally,  however,  the  amount 
of  brass  nsed  is  litnitcd  to  alxmt  15  per  cent,  of  the  clrn  irf\  Thi8  brass 
bein<j  limite<l  in  quautity  ami  liaviti*:^  been  but  om;e  nn'iied  is  assumed, 
iu  calculatiug  the  charge,  to  couiaiii  the  original  iiigre4lieut  of  3U  per 
eent.  sine.  It  is  fonnd  that  the  Uitrodnetion  of  a  certain  proportion  of 
brass  is  nsefnl  in  lowcrtng  the  percentage  of  waste  or  Ifwefton  the  melt- 
ing. Tlins,  with  new  inf^tals  nlnni',  tliis  w^ste  amounts  to  nl>«>iit  r»  j  er 
cent,  of  the  charge,  but  it  tin  (  li  trirA  r(  ntainsovi  r,  say,  12  per  wait,  of 
brass,  the  waste  is  reduced  lu  a  boat  o  per  cent,  of  the  whole  charge. 
This  loss  ftoDi  oxidation  depends  hirgely  upon  the  heating  of  the  metal| 
80  that  it  will  be  found  in  practice  that  there  is  a  useful  mediamforthe 
heat;  if  it  is  too  hi^^h  there  is  :\n  over-waste  of  lut'tal,  and  if  too  low 
there  is  danger  of  iuiiH'i  li  (  t  castin^is.  The  souicr-  of  hiss  is  ftv<jueutly 
seen  wheu  the  crucibles  are  skimmed  before  the  pouring;  globules  and 
filaments  of  oxidised  metal  are  drawn  <rfr  with  the  dross. 

In  melting  the  charge,  after  the  fire  is  well  started,  the  Obpper  is  first 
introduced  either  alone  or  with  some  portion  of  the  brass.  As  soon  as 
tlie  meltin^c  begins  the  sniTire  is  <  ov»M"»'d  with  charcoal,  which  is  after- 
wards renewed  one  or  mure  Lmie«  before  the  charge  is  withdrawn.  When 
the  copper  is  all  melted  the  si)elteris  in  trod  uce<l,  each  piece  being  taken 
with  a  pair  of  tongs  and  held  well  nnder  the  surface  nntil  melterl ;  after 
thiH  the  remainder  of  the  brass  is  pnt  in  to  fill  the  crucible.  The  tem- 
perature of  the  metal  havi!i«x  been  c<uisideraV>ly  redtieed  by  this,  the 
crucible  is  left  in  the  furnace  until  a  proper  heat  is  attained,  which  usu- 
ally occurs  in  from  t^n  to  fifteen  minutes.  The  copper  requires  from 
one  and  a  half  to  two  hours  in  melting,  depending  upon  tiie  heat  of  the 
fhmace.  When  the  crucibles  are  taken  from  the  furoaoe  the  metal  is 
caref'iHv  skimmed  and  then  poured  it  oTice  into  the  molds,  which  are 
arranged  on  a  boneh  at  a  conveTiieni  height  above  the  tioor.  Heavy 
weights  are  placed  on  the  top  ol  each  ujold  to  prevent  expansion.  There 
is  no  riser'  from  the  easting  or  sinking  head  other  than  the  ^  gate,*' 
which  serves  only  as  an  inlet  and  feeder,  and  has  no  value  as  a  sinking 
head  to  produce  pressure:  ;ind  from  the  general  soundness  of  the  east- 
ings produced  it  may  be. indeed  that  tiie  present  method  is  good. 

An  important  feature  in  ihe  treatment  of  the  castings  occurs  at  this 
point.  The  molds  are  opened  in  about  five  minutes  after  the  cssting, 
and  while  the  sabots  are  still  red  hot  they  are  thrown,  with  the  groove 
€hirn,  into  a  barrel  of  cold  water,  tlie  bottom  of  wliii  li  is  covered  to  some 
depth  with  sand.  After  a  very  l)riet  interval  the  sabot  is  giasped  with 
the  tongs,  raised,  taken  from  the  barrel,  and  placed  in  another  vessel  of 
water,  with  the  object  of  keeping  the  water  in  the  barrel  cold.  On  rais- 
ing the  sabot  from  the  sand  as  above  a  vacuum  is  created  below,  and 
this,  with  the  steam  generated  within  the  groove,  causes  the  core  to  be 

blown  out"  troni  the  groove  with  a  distinct  report. 

The  primary  object  of  this  treatment  is  to  clean  the  groove,  other wihe, 
if  the  castings  were  allowed  to  cool  in  the  molds,  the  bard  sand  in  the 
confined  space  of  the  groove  could  only  be  removed  with  difficulty.  If 
the  castings  are  exposed  even  for  a  short  time  to  the  air  while  hot  they 
turn  l>l;ick,  but  by  promptly  [)lacin<r  them  in  water  when  taken  f(f)rn  the 
mold  a  bright  color  is  retained  as  would  be  if  they  were  left  to  cool  in 
the  mold. 

The  treatment  uaed  nndonbtedly  causes  a  greater  shrinkage  than  if 
the  csstings  were  aUowed  to  cool  in  the  molds»  at  the  same  time  also  it 
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Srobabi^N  increases  to  a  cousulerable  degree  the  density  oi  ibe  metaL 
[oweTer,  fn  tbe  absenoe  of  speoiflo  ezprnments,  its  effoot  for  good  or 

ill  can  only  be  stated  in  geamX  terms,  and  there  is  no  evidence  that 

the  f'tfVct  is  otherwise  than  good.  Castings  treated  in  this  way  hare 
been  subsequently  boated  to  a  low  red  heat  and  strnck  hcaTv  blows 
with  a  hammer ;  tliu  metal  gives  and  bends  but  doen  not  crumble. 

The  flniabing  operations  are  done  on  two  lathes,  in  each  of  which  tbe 
pieoe  requires  to  be  mounted  only  oime.    In  the  first,  the  piece  (sabot) 
18  centertMl  and  clamped  on  tlip  outside  for,  firsr,  facing  the  base  t»rfor  I 
ward  face  of  the  sabot  and,  seeoiul.  eiittin^  the  screw  thread.    In  tht^ 
second,  the  sabot  is  screwed  upon  «i  iorm  htted  for  the  thread  a  nd  ieugtti 
of  the  sabot,  with  the  liftoe  pterionsty  finished  bronght  up  against  a  ■ 
ahonlder  on  the  form  or  lioldcr,  in  which  position  tbe  exterior  and  tbe  i 
rear  face  of  the  sabot,  iueluding  the  groove,  are  finished.    Tbe  workmen 
are  provided  with  gauges  for  the  thread  and  remaining  dimensions.  I 
After  the  sabots  are  completely  finished  they  are  finallj  inspected  and  | 
weighed. 

Material  and  labor  (omitting  the  preparation  of  the  patterns  and  ac*  | 
cessories  for  casting). — Each  roughcasting,  iueluding  the  "  gate,''  weighs 
about  13.5  pounds,  to  which  add  3  per  cent,  for  waste,  and  wc-  liave  13.9  | 
pounds  of  onginal  metal  required  for  each  single  ca«tiug,  ut  which  9.7 
pounds  are  copper,  and  4.2  pounds  zinc  The  finished  sabot  averages 
aboat  9.635  pounds  in  weight*  The  diCference,  excepting  the  waste,  and 
the  "  gate**  which  weighs  about  1 J  pounds  and  is  remelt«d,  is  saved  in 
the  turnings,  which  can  be  best  atiiiced  for  casting  bearings,  for 
machinery. 

One  man  working  ten  hours  per  day  with  a22  inch  or  smaller  lathe  can 
finish  in  the  first  Ime  15  sabots  per  day,  and  in  the  second  can  finish 
25  sabots  per  day.*  Including  the  labor  of  molding  and  casting,  one  ex- 
perienced workman  with  one  1i  el  per  can  torn  ont  20  sabots  per  day, 
which  summarised  gives  for  each  sabot: 


9.7  pool 
4.2  ~« 


V 


Holding  imd  OMfing 
Finishing 


One  niUNter-VOlknsn*. ••>■•-! 

Qoe  lielper  

One  DMotaiDist  {Snt  Uthe)... 
One  msdilnist  (aeooiid  hkthe) 


30  minuUt. 

ao 

40  " 
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FABMICATIOH  OF  ^INCH  XUBBKA  FR0JXCTILE8, 

m 

(2  plates.) 

Sir  :  In  accordance  with  your  inBtructious  I  have  the  honor  to  8ab> 

mit  the  following  short  report  on  the  fabncation,  bj  thf  South  Boston 
Iron  Works,  of  500  b-inch  Eureka  cored  bhot,  contracted  lor  under  date 
ol  J  uue  23j  1883. 

The  priBcipal  point  DOtieeaUe  is  the  Rueat  improTement  made  on  the 
last  few  contracts,  which  is  due  not  only  to  the  fact  that  the  company 

h;>vp  vfM-civrf^  ovtlors  for  i)rojectiles  at  short  intervals  through  the  year, 
an<l  thereby  liave  l)een  enabled  to  traiu  their  work tnen,  but  alao to  their 
having  acted  on  the  suggcHtious  made  by  the  luhpectors. 

ThcSr  method  may  be  briefly  summarized  as  careftil  manipulation  of 
the  metal,  suitable  mixtore^  being  first  made  in  the  reverberatory  fur- 
nace, and  afterwards  remelted  in  snialler  quantitii'8  in  the  cupola;  the 
use  of  small  ladles,  by  means  of  which  the  metal  is  quickly  transported 
to  the  flasks,  thereby  avoiding  any  stifieniug :  drying  the  molds,  instead 
of  easting  in  green  sand,  with  the  result  of  obtaining  cleaner  shot,  more 
free  fnm  blow  holes,  &c. ;  the  forming  of  a  small  cylinder  on  the  point 
of  the  shot,  by  whieli  shrinkage  in  length  is  provided  for,  and,  tinally, 
making:  the  core  pattern  a  little  shorter  than  called  for  hy  the  drawing. 
This  is  a  new  feature.  In  previous  reports  attention  was  called  to  the 
manner  in  which  the  prujectiles  tended  to  o}>en  in  the  prolongation  of 
the  core,  dne  to  the  strains  setting  in  from  the  direetiOD  of  the  head  and 
walls,  leiuling  to  the  rejection  of  not  a  few.  To  overcome  this  the  front 
end  of  the  core-box  (pattern)  was  filled  in  a  little,  a  suitable  shape  be- 
in;,^  given  to  the  surface,  which,  under  the  action  ol  ilie  stresses,  as- 
suuied  about  the  form  and  dimensions  required  by  the  contract  draw- 
ings. Formeily  the  rcjeotions  for  the  eavity,  being  too  long,  were 
numerous,  bat  among  those  Jnst  completed  none  were  thrown  ont  for 
this  defect. 

As  the  existing  progresses  it  has  been  noticed  that  the  (cylindrical 
body  tends  to  increase  in  length,  caused,  so  the  company  think,  by  the 
absorption  of  water  by  the  pattern  and  eonseqnent  swelling.  As  the 
cylindrical  f»art  of  the  pattern  is  of  greater  diameter  than  the  base  of 
the  head^  the  sloping  surface  joining  them  seems  to  enlarge,  causing  the 
body  to  increase  in  length.  As  this  taken  place  gradually,  it  cannot 
readily  be  allowed  for  in  the  original  construction  of  the  pattern.  It 
wonid  seem,  however,  if  the  pattern  were  tamed  approximately,  then 
soaked  in  water,  and  afterwards  bronght  to  its  tme  dimensions,  this 
mi^dit  be  obviated,  ])artieularly  if  care  was  taken  to  keep  it  moistened 
when  not  in  use.  The  better  method,  ot  conr??t\  wonlrl  be  iron  patterns, 
which,  except  for  standard  projectiles,  it  would  hardly  be  worth  while 
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making.  Those  intended  for  experiment  only  are  usually  ordered  in 
small  quantities  and  would  not  justify  the  increased  coat. 

Attention  is  also  respectfully  invited  to  there  being  no  allowance  in 
the  base  for  sabot,  though  there  is  for  every  other  pnrt  of  the  shot.  The 
table  of  allow(»fl  varintions  provides  for  one  of  ±0.05  iiith  in  l«'iijrth  of 
base  for  sabot,  which,  in  the  case  ot  a  HuLler  projectile,  where  this  is 
cylindrical,  covers  about  the  whole  ground.  But  as,  in  the  Arrick,  this 
is  a  oonicai  fimstom.  xecessed  for  the  studs  on  tb««  sabot,  an  allowanee 
in  length  alone  hardly  seems  snfBcient.  In  the  correspondini^  parts  of 
the  sabot  a  variation  of  :1:0,01  inch  is  permitted,  and  tliis,  1  tliiuk, 
should  be  likewise  allowed  in  the  base  for  sabot.  These  poitions  are 
annular  sui  lace  joining  conical  base  and  cylindrical  body,  the  ^^slope" 
of  base  and  width  and  depth  of  recesses  in  it.  In  leferenoe  to  the  sabots 
they  were  almost  perfect. 

Mention  should  likrwisr-  ho  tiuhIp  of  thv  more  thoroujrh  ffispertion  of 
the  castings  by  the  toiupauy  bclore  be^innin<r  the  linisliiiif;  operationja. 
by  which  projectiles  obviously  unfit  are  at  once  throw  a  out  instead  vi 
being  turned^  in  the  hope  they  might  be  accepted.  Ko  difficnl^  was 
experienced  in  obtaining  the  proper  weights.  In  accordance  with  an- 
thority  frrantcd,  a  few  wei^liin^'  1.H3  ponnds  were  accepted. 

In8|K*cti(»ii  of  all  the  projectiles  cut  up  lor  specimens  show<Ml.  both  lu 
the  sides  ot  the  walls  and  the  surface  of  the  interior  cavity  pcrlectly 
sound  shot,  free  from  blow-holes  or  cavitiss  of  any  kind*  The  opiDiOD 
expressed  in  previous  reports  that  the  limits  in  this  respect  are  suffi- 
cient.  I  see  no  reason  to  modify. 

The  success  obtained  is  due  to  the  care  and  watrhfnlness  of  all  con- 
cerned, particularly  to  Messrs.  Bainbridge  and  Wood  worth,  foremen  of 
the  foundry  and  machine-shops  respectively.  Tables  giving  results  Id 
detail  are  appended* 

Veiy  lespectfiUly,  tout  obedient  serrant, 

HENRY  T>.  BORUP, 
LieuUnant  of  OrdmncCf  C.  B^A» 

South  Boston  Foundky, 

November  16, 1883. 


pBTBiOAL  ^trixiTiaa. 


Dm*. 

Xo.  of 

casting. 

Nninber 
cut 

Tenacity. 

Sp«>o{fic 

HardiMM. 

188S. 

8ept«iDlMr 

6 

1 

15 

97,410 

7.90a 

HentenlMr  IS 

2 

9 

Ootober 

8 

90 

9Sb80e 

7.1801 

• 

4 

10 

97,015 

7.1748 

October 

11 

5 

9» 

89,790 

7.2541 

8i91 

October 

IS 

e 

80 

81.124 

7.  2540 

Ovtober 

15 

7 

29 

26.074 

7.1860 

Oetober 

17 

8 

80 

26. 727 

7.2007 

October 

18 

9 

83 

36.367 

7.2811 

Ootober 

19 

10 

34 

SR.  703 

7. 1907 

ii'o9 

Oclobar 

20 

U 

80 

21,  8S2 

7.  I'M-f' 

October 

V't 

12 

84 

2H,  7  1 0 

7.  ie7i 



October 

23 

U 

31 

2S.  A'M 

7. 2«H2 

Ortnbor 

24 

U 

.  30 

'li*.  :•:•) 

7. 1757 

(■).  Jiili.T 

25 

15 

31 

:♦(>,  2 1  i 

7.1822 

18.83 

Ort<ilM»r 

26 

16 

U,(iQS 

7.2480 

October 

27 

17 

83 

28.877 

7.0006 

October 

20 

18 

31 

32.715 

7. 2517 

October 

80 

19 

31 

27.694 

7.1880 

Ootober 

ai 

ao 

n 

7.9881 

Fnotured.| 
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KZBD  JLin>  QUAamXT  OW  IBOV. 


Dato. 


1883. 
Jaly  7 
Jnly  18 
July  19 
July  25 
July  28 
Ang.  4 
Aag.  10 
Aag.  18 
Aog.  il 
Aug.  20 
Aog.  81 
Oct  18 
Oct.  Zi 
Oct.  81 
li«r.  • 


I 


110 
108.4 
84 

100.5 
11S.5 
84.9 

ifr.5 

120 
80 
90 
90 

80 
85 
80 
MO 


77 

'k's 

SO 

•3.5 

Sf.S 


to  § 

4 

4 

90 
20 


80 

4Lf 


70.4 
«7  5 
10 

aois 

48 
MLS 


4ca 


50 


2. 

4 


S5 


80 
40 
40 
40 

50 
60 

a.4 


mo 

IS0.0 
140.8 


lflO.0 

S20.8 
20Sl5 

loao 
isao 

150.0 
140.0 
185.0 
100.0 
M4.0 


*  B«ia«rln. 


The  Welch  t«  are  expreued  in  ewta. 

Theae  cnargos  are  mHted  in  a  rerer- 
beratory  fiiraaoe  and  mn  intopi^,  which 
iMflfterward  reni«-U«*i1  In  the  cupola. 

The  nnnib«»r  of  pijjf*  iiwil  tlrpi-ixln  on 
the  quantitv  of  iron  K  iiiiirnl  fi.rothi-r 
work  a»  wtll  ;m  on  ih.it  tu  oiled  for  the 
shot.  Ho  recoid,  therefore,  waa  kept 
•fit. 


JntpeciionreportofbOOS-inchofflval  hi  adrfl  Knreka  cored  tihot for  6- inch  miizzle'loadiiiy  rijieSf 
WMdtfor  the  United  Slates  6r<hi<tu<r  l)>pnrfme»t,  by  fVilliam  T.  Arrick,  ai  AwfORy  Jfoft., 
■    contract  of  the  Chief  of  Ordnance,  U.  S.  Army,  dated  June^A,  1883. 


I'lf.scribtMl 
dimenitiona. 


PROJKCTII.H. 


Leugth  of  <'vliii(irical  portion  of  body  . 

I.enj;th  of  Ik'ikI   

Length  of  1».t>i<-  fur  f«:il>ot  

Ttttal  1<  ii-tli  lit"  iin.jiTiilr  . 
Piameter  of  c^liiiib  ical  portion........ 

DtaoMterofbaae^   " 

w""^  ^  ,Q  rear  ............. 

BadfaMOf  h>  a<l  

Thiokneen  of  liottom   

Lenfjth  uf  intci  ior  cavity  

Thii'kncHM  of  wallH  ut  a  650  inchea  tnm  1 

Eccfutriuitv  of  axis  of  iiitt-rior  OUtVly  

Diameter  of  (scrow-plut:)  hole  

Pitch  of  thread  on  fuze  (nr  Hcr«9W-plag)  iMla. 
Length  of  tbioadon  (scruw-plug) , 


BJLBOT. 


HMghtofaabot  

Exterior  diameter  of 


Weight  of  iftbotk  mean  

Weight  of  Mbot  and  projeoUlo. 


Inche*. 
7.86 
&02S 

2.07> 
18.825 
7.03 
7..V> 
7.25 
12 

2.05 
10. 10 
2.225 
0 

1.5 
8  per  i 
2.  OS 


2.925 
7.85 
Lb$.  ot. 
•  IS 
ISO  OS 


AUdwinI 
▼ariationa. 


t.05 

i.Ol 
0 
0 

jr. 05 

±.l 


Pmrii. 


'  .1 

'  ±.01 
nch. 


01 
01 


db  1 


of  8-lnoh  Bankft  oond  shot  ex* 

dimoDi* 


ITuabor  rrjeotod  tn 
afauiaofheod  


aLioa  of  mtodcle  body  or 
iTsmbor  v^laelod  Ibv  «mN 

doM  of  iaterlor  Mivlly  

Karaber  rdoetod  IbroooeBtrUMirof  in* 

terior  emntf   

Vtambor  r^Joetod  Ibr  defbolo  ia  aatorial 

orflatab  

Total  number  rejected  

Total  numbtT  accepted   

Weiaht  of  bfavie^t  one  accepted  with 
aabot  


044 

12 
1ft 
2 

a 


IS 
44 

600 


183 

FHTBICAL 


Weieht  of  lighteet  one  Moapted  with 

W  eight  of  total  number  aceepted. .do.. 

Mean  welsht  of  prqJeoClIe  do.. 

NnroberoraabotooxMDtned  

Number  of  aabirto  r^lMtfld  Ibr  4 


Niuobor  of  oabote  rejected  Ibr  defbeta 

l»  ■tlwiOl  or  flolah   

Tbtd  BUBiber  of  aabota  rejected  

Nnmber  of  sabota  aeooptod  

Woight  of  total  namber  accepted . .  Ibo . . 

Mean  weight  of  aabot   do. . 

Wfdght  of  total  namber  of  ahot  aod 


17S 
86b  402.4 
170.  S 


S 

s 

800 
4.018.0 

soitra 


DeDSitT(M- 

tnal). 

T«MMliy 
(aoUMlT. 

Hardness 
(unit  of  nieAs- 
ures.l  Inob). 

7.2811 
7.0086 
T.1SSS 

35. 3rt7 
24.882 

a^ias 

15.05 
9.81 
IS.  St 
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*  Remarks  — AwaitlBC  tanaportation  to  the  Wttmtaitn  AwWMll,  4lif  to  TilMtoBMl  Btai%  OtH 

Spring,  N.  v.,  10;  prerionsly  sent  t«  Sandy  Hook.  10. 

I  lortifj  that  I  have  oan^fully  iuBpect<!d  tho  al>ove-not4?d  prejoctiles  and  that  thpy  conform  to  the  di- 
mentiotu  i>reMrib«d  within  the  TatWtioM  allowed :  aad.  fortber,  that  the  tenna  of  Uie  contract  |a 
■itwiri  aak  wartmMaMp  hjf  htm  oomaUed  with  to  ftilr  BiMiwftmlww* 

Qtflglm^  0HkMHtt9f  ^Htfttttfrn 

Date  of  Inspection,  November  10,  1883. 

NOTM. — •  State  to  wliiit  I'oints  projfM  tik  »  were  shipped,  &C. 

The  exterior  diameter  is  verilit  d  by  iu»-an8  of  KaujjeB :  the  high  gaaa«  in  0.02  Inch  over,  and  the  low 
gauce  in  0.02  inch  lena,  than  ih<>  prescribed  diameter.  The  diameter  of  the  cylinder  gauge  ia  theaame 
ae  that  of  the  high  piaeo.  Eccentricity  i»  jirovcn  hy  rolling  the  projectiles  on  levf^l  iron  rail*,  and  ia 
determined  iu  amount  by  meana  of  the  oalipera  for  meaaonng  the  thickneM  of  the  walla.  The  foam 
and  dimenaiona  of  the  heiAtitt»pnjlMM»mi«l1h»mnA^ 
by  means  of  tcmplota. 

The  otbci  diniensions  of  the  sabot,  and  those  coiro.-'i't'iidiii;;  tboTi  to  upon  the  base  of  thi-  pnyectil-*, 
arc  vcriHed  by  the  "  aabot  gaoges."  The  preaence  of  cavitiea  on  the  interior  iaaaoertained  bj  neana 
of  the  "eMiM"}  tbedmaaoaUDotMOMdOJtocih.  TIm  might  dwaU  ta  ttoi^pad  m  «i«k|m- 
Jectile. 

PBOJ£CTIL£S. 


Cast   6BI 

Uned  for  testo..,..   S5 

FiniBhed   548 

Inipeoted   644 

Accepted   500 

8im>lU8  for  puwiible  rejeotiuus   4 

Jmn  flnidiiog   113 

Bifjeoted  aftor  lluisliing: 

KiToneou8  diiueutiion  of  head                               ......  ....  ....  ••••••  ....  IS 

Erroneoua  dimenaioD  of  oyUoder  or  baae...   16 

Erroneovm  dinvBaloo  of  iatarktf  mrit^   t 

Ecocntricltj   ••••  •   t 

Weight   0 

DefiMtiTo  mftteiial   IS 

Total   44 

Weigliiug  178  ponnds. ...•.,...,.........•...••,«...••.•.••.•.•••.•••••••  ....  % 

Weigbtiig  179  pounds......   4S 

Weighing  IbO  pounds   184 

Wi  i^^iiiti;;  iHl  pouiid.s   190 

Weighing  182  pounds    97 

Weighing  183  ponndo   IS 


8ABOT8. 


luHpected                                                     ..............................  503 

St^jected   S 

D«"foctiv«'  material  -   S 

I'^rroueoii^  dimensions   1 

Accented                                                            ....             ......  ......  ....  500 

Total  nunil)«>r  cast   539 

Weighing  9  p<»nnd8  4  ounces   1 

Weighing  'J  ]>onnd.s  (>  onnrc«i ...........  ..........  ......  .... .............. ....  I 

Weighing  *.)  pounds  7  ounces  .....  .....,•»....•.•..........   ,  4 

Weighing  i»  ])onnds  8 mincee   *  7 

Weighii]g  9  pound.s  0  ouncet^. .............. ...................... ............  IS 

Weighing  9  pounds  10  ounces   17 

Weighing  9  ponnde  11  oaneea   SB 

Weighing  9  pound h  IQ  ounces. ...  ....                              ....  ......  ..........  49 

Weighing  9  pounds  13  ounces   9B 

Weighing  9  pounds  14  onneea   99 

Weighing  9  ponnds  15  ounces   72 

Weighing  10  pnund.s   5d 

Weighing  10  ponndn  I  oniMe.... .............................  ..........  41 

Weighing  10  pounds  2  ounces   27 


Weighing  10  pounds  3  ounces. 
Weighing  10  pounds  4  ouuces. 
Weighing  10  ponnds  5  oanoea. 
Weighing  10  ponnda  6  onnoea. 
Weighing  10  poundH  7  ounces. 
Weighing  10  pounds  S  oauoes. 
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West  Point  Fottkbry, 
Cold  *Spr</t^,  X,  Y.,  Dtcmnber  11,  1883. 

The  Chibp  of  Obdj^amce,  U.  S.  Army, 

Wdfthington^  D.  (],: 

Gekerax  :  The  folio wlug  report  respecting  a  comparative  ezamina* 
tion  <xr  ten  S-inch  Enroka  cored  shot  fh>oi  tLe  South  Boeton  Iron  Works, 

and  a  similar  nuinlx  r  tV  om  the  West  Point  Foundrj-,  made  under  con 
tract  of  June  23, 1883,  \\  ith  rf  coininondatioris  as  to  the  establishment  of 
a  standard  8  iiicb  Eureka  con  d  shot,  i**  reispectfully  submitted  pursu- 
ant to  iustructious  contained  iu  your  letter  of  November  13, 1883. 

The  eiamioation  was  made  at  the  West  Pohit  Eonndry  Norember 
SO,  1883,  and  incl  i  >ii  1  the  following  observations : 

1.  Weight  of  the  shot  on  one  and  the  same  scale,  a  Fairbanks  No. —i 
capable  of  woicrhiug  about  500  pounds. 

2.  Exterior  dimensions  of  the  shot. 
8.  Dimensions  of  the  core  of  shot 

4.  Specific  gravity  and  tenacity  of  the  metal. 

The  result  of  the  first  two  observations  showed  the  two  lots  of  shot  to 
hp  of  pracricany  the  same  exterior  dimensions,  and  that  the  weights 
ujaikcd  upon  e«ich  t>hot  at  the  time  of  its  oi  iginal  inspection  were  cor- 
rect, in  each  case  to  within  one-half  ponnd ;  that  is,  no  greater  differ- 
ence  than  this  was  observed.  It  may  be  remarked  here  that  it  is  the 
prnctiee  at  both  fonndries  to  mark  these  projectiles  to  the  nearest  fall 
ponnd. 

Id  regard  to  the  dimensious  of  core,  an  examination  of  aU  the  shot 
showed  what  has  been  already  reported,  viz,  that  those  made  at  Boath 
Boston,  which  we  will  cidl  lot  B,  contained  the  original  ftore  given  In 

drawing  accompanying  contract  (Plate  I),  and  that  those  made  at  the 
West  Point  F(  inidry,  whirli  we  will  call  lot  P,  contained  the  lar<i:er,  or 
second  moiiel,  core  given  in  drawing  issued  trum  Ordnance  Otbce  Octo- 
ber 10,  1883  (Plate  II).  In  order,  however,  to  ascertain  accnrately  the 
dimensions  of  core  and  to  obtain  specimens  for  density  as  nearly  as  pos- 
sible from  the  middle  of  casting,  two  projectiles  of  very  nearly  equal 
"wevj:lit.  one  from  each  lot,  were  selerted  and  disinantlrd.  Tti  tlu'se  the 
cast  iron  alouc  weighed  as  follows:  JSliot  liom  lot  B,  lG8,a  pounds:  shot 
from  lot  P,  168.75  pounds.  These  two  shot  were  then  cut  through,  per- 
pendicular to  the  axis,  at  fonr  inches  fsom  base;  that  is,  through  the 
niaximnm  circumference  of  core  nearly.  Wooden  templets  were  then 
fitle<l  arcnrately  to  the  two  8ei»arate  parts  of  the  cores,  allowance  iu 
length  being  made  for  the  width  of  ent,  wliich  was  0.3  inch.  An  out- 
line of  these  templets  when  compared  with  the  original  drawings 
showed  that  in  each  case  the  actnal  core  was  larger,  especially  near  the 
point,  than  its  construction  drawing;  also  that  the  core  of  shot  P  was 
more  onlnrfred  than  that  of  shot  B.  This  enlargement  of  eore  is  be- 
lieved to  be  due  prinripally  to  the  shrinka^M'  ol  tlie  metal  upon  casting, 
and  the  greater  enlargement  of  P  i;s  hU]>posed  due  to  the  greater  hard- 
ness and  density  of  its  metal,  carrying  with  these  qualities  a  greater 
tendency  to  shrinkage. 

To  obtain  speeimens  for  density  and  tenacity  a  short  bar  was  cut, 
with  a  hollow  boring;  tool,  in  the  dire«;tion  of  axis  of  sliot,  from  the  side 
wall  of  each  of  the  forward  portions  of  the  two  samples.  From  these 
bars  tenacity  8]>ccimen8  of  the  nsnal  dimensions  were  prepared.  The 
tests  gare— B:  Density,  7.0030$  tenacity,  19,080  pounds.  P:  Density, 
7.2438 ;  tenacity,  31,601  pounds. 

The  tenaeity  shown  by  B  wan  phenomenal,  beinir  Tmieh  below  that  ot 
any  specimen  tested  daring  the  casting  of  all  the  shot  under  the  oou- 
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tract  If,  thereforo^  any  weight  at  all  be  attached  to  the  reanlt  it  will 
simply  be  available  id  noting  that  iron  of  this  density  cannot  always  be 

relied  upon  to  give  the  tenacity  required  for  these  shot;  that  is, 25,000 
pounds.  The  donsitv  obtained  from  samplf  T>  is  below  the  average  of 
tlie  8outh  Boston  shot;  thnt  obtaiued  I'loiu  sample  1*  is  very  nearly  the 
average  of  the  West  Point  Foundry  shot  (See  tabular  statements  of 
densineff,  tenacities^  and  weights,  herewith  attached,  marked  A  and  B.) 

Limiting  ottrselyes  now  to  the  two  sample  shot  which  were  carefoUj 
weighed  and  examined,  it  becomes  apparent  how  the  w*-iLrbts  were  the 
same  although  diffetent  cores  were  used.  Assuming  dimeusious  other 
than  the  cores  to  be  the  same,  we  find — 

Sample  shot  B:  Density,  7.0936;  weight,  16&ff. 

From  which  we  find: 

a^iM                         wei^xht  of  cast-iron       »  1C8.5 
solid  contents  s    ,  _  — ^ — ^   vji.-^ 

w  eigb  t  of  cubic  luch  for  density  of  7.0030  0.256043 

656.58  cubic  inches. 

xViid  sample  sbutP:  Density,  7.24.38;  weight,  lG8.7o. 

10875 

Solid  coutents  =~*iV?' 'r    =645.41  cubic  inches. 

U.2sol4o4*t' 

That  is  to  say,  the  solid  cx)ntentsin  P  are  shown  to  be  1L17  cubic  inches 
less  than  in  B,  but  the  difference  in  density  makes  np  the  weight. 
computation  from  the  origiiiul  drawings  the  two  cores  ditler  in  coiitenU 
by  10  cubic  inches.  But  this  discrepancy  here  shown  (l.;2  cubic  inches) 
is  andonbtedly  due  to  the  relatively  greater  enlargement  of  the  cove  of 
P  ui  casting.  ^ 

OONOLUSIONS. 


Experience  has  shown  that  7.'J  is  a  safe  aTcrage  density  to 
for  cast  iron  having  a  tenacit^y  of  25,000  pounds  per  square  inch.  In 

fixing  the  standard  dimensions  for  this  projectile  we  therefore  proceed 
to  find  the  dimensions  which  will  give  a  projectile  weighing  180  pounds 
with  metal  of  this  density.  Taking  the  cubical  conteuts  of  sample  shot 
P,  which  we  have  already  determined  practically  to  be  645.41  cubic 
inches,  we  find:  Weight  =  cubical  contents  x  weight  of  cubic  inches 
for  density  of  7.2  =  ^45.41  X  0.25988:?  =  167.72  pounds,  and  adding  to 
this  weijrht  of  cast  iron  the  known  weight  of  sabot  and  base  ping,  we 
have:  Weight  ot  cast  iron  =  107.72 ;  weight  of  sabot  =  10.;>4;  weight  ui 
base  plug  =  1.85^  total  weight,  180.11  pounds — showing  that  this  pro- 
jectile is  practically  of  the  required  dimensions. 

Assumiug  now  that  projectiles  when  made  can  be  finished  to  the  exact 
dimensions  of  drawing — since  this  featnr«>  is,  wit)iiti  sni;dl  litnits,  under 
control,  whilst  the  density  of  the  iron  is  not — svc  turUier  dnd  that  wilU 
these  dimensions  of  shot  the  density  may  be  aUowed  to  vary  betweea 
limits  of  7.13  and  7.27  and  yet  keep  within  a  limit  of  1  per  oenU  of  the 
standard  weight ;  for  the  fornier  the  finished  shot  wonld  weigh  Vl^AB 
ponndSy  and  for  the  latter  181.75  pounds. 


BEOOMMEKDATIONS. 


We  recommend  as  standard  tlie  drawing  lately  used  in  the  construc- 
tion of  these  projectiles  at  the  West  Point  Foundry,  aud  that  the  staiul 
ard  tenacity  be  25,000  pounds  per  square  inch.  In  regard  to  limits  oi 
weight,  we  recommend  from— 1  per  cent  to-f  1^  per  cent,  of  the  stand' 
ard  180  pounds,  the  higher  limit  being  greater  than  the  lower ;  since  if 
it  were  not  so,  that  is,  if  the  density  of  metal  be  limited  to  7.27.  it 
would  at  times  result  in  r^eoting  shot  for  overweight  which  would  be 
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in  other  respects  of  excellent  quality.  It  is  at  the  same  time  considered 
that  a  limit  of  more  than  + 1  per  cent,  will  seldom  be  needed,  otherwise 
a  slightly  higher  average  density  wonld  have  b^en  assumed  in  connec* 
Uon  with  a  slight  reduction  in  cubical  contents  of  shot.  These  limits 
are  believed  to  be  alike  fiftYoiable  to  the  GoTernment  and  to  the  found* 
era. 

We  further  recommend  that  the  number  of  projections  ou  interior  of 
sabot  be  fixed  at  three  (3),  as  the  most  suitable  number  to  prevent  any 
eanting  of  the  sabot  in  transportation  or  in  loading. 

K.  BIRNIE,Jb., 
Lieutenant  of  Ordnance, 

H.  D.  BORUP, 
Lieutenant  of  Ordnance. 

Obdnance  Office, 

December  18,  1883. 

The  foregoing  recommendations  in  regard  to  dimensions  of  d'inoh 
£aieka piojeotiles  for  muszle-loadiog  riiies  are  approved. 

S.  V.  BEN  fix, 
Briifa^kr-Oeiteralj  Chief  of  Ordmna$, 
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JJewtitif  and  teaaoitu  of  meUU^  mid 


hi  of  ti'inch  Eureka  cored  shot  mad«  a$ 
OMlTMl  (total S3, 1803. 


Date. 

Nnmoer 

Tenacity. 

Density. 

Bemarks. 

Sept.  5 

15 

27,410 

7.2085 

Sept  19 
Sept  26 

2 

178b  t 

20 

26,506 

7.1801 

179=  45 

Oct.  9 

16 

27,016 

7. 1745 

180  1^  1.54 

OoL  11 

29 

32,  700 

7.2541 

181  =  190 

Oct.  13 

SO 

31, 124 

7.2546 

182=  97 

All 

4.  lOOU 

Oct  17 

ao 

26,727 

7.2007 

Oct.  IS 

33 

3.5,  <W!7 

7.  2811 

Oct.  lU 

34 

■^H.  71.13 

7.  1997 

Oct.  20 

80 

24,SB2 

7. 1968 

Oct,  22 

84 

28,710 

7.1671 

• 

Oct  23 

81 

7.2013 

Oct  24 
Oct  35 

80 

7.1TO7 

11 

10,214 

7. 1822 

Oet.  M 

M 

14,098 

7.2480 

Oct  27 

33 

28,977 

7.0080 

Oct  29 

31 

82,715 

7. 2517 

Oct.  -M) 

81 

27.  5M 

7.  IHi^Q 

Oct  31 

1 

20,838 

7. 2;i3i 

Addenda  B. 

•   

Foundrjff  under  cotUract  dated  June  ItStSi. 


Metal. 

Sate. 

2  o 
2  o 

Den- 

Tenac- 

sity. 

1888. 

Sept.  12 

16 

7.2278 

25.794 

Oct-  4 

S3 

7. 2492 

28.004 

Oct  5 

34 

7.2792 

27.996 

Oct  22 

48 

7. 2572 

28,  6.13 

Oct.  24 

62 

7. 24.18 

Oct  25 

47 

7. 2422 

30,  im 

Oct  26 

48 

7.272 

30.  171 

Oct.  27 

49 

7.  2718 

29.410 

Ort.  '29 

46 

7.2613 

29, 392 

Oit.  '.m 

40 

7. 2433 

26.  838 

OcU  31 

48 

7.2518 

26, 982 

^OT.  1 

62 

7. 2351 

27,533 

7.2529 

28.334 

{  ( Cimt  with  oiiiriDal core.  SpectmcDH  t.-vken  from  baae  of  slioL 
, )  Sixty-six  cihot  were  accepted  with  this  core,  of  wliloli  fear 
'  ^  ireighed  183.  four  184.  tbirty-two  185.  and  twwitf-aix  IM 
ponnds.  Avcrsxe  weifcbt  185.23  poiindA. 
'CHHt  with  core  t^vnn  in  drawiDg  imued  from 
Office  Ootober  10. 1888.  Speoinena  taken  in 
cept  flir  Oetober  n»  tnm  point  of  dtoW 


Ordnanee 


Shot 


with  aMond  model  eore: 

183  potmdo  St  18 
182  poiiDdo  m  U» 
181  itoundac  m 
180  iroiiiids  s  80 
179  ponndfl  ^  1 
178  poands  —  1 


Total  nomber..  429 
ATnaga  vaJght^  181.8  ] 


VOfB.— >Tha  tan  abot  aeot  to  Sandy  Hook  fioir  firing  ptoof  aire  not  Inoloded  under  iMnd  «f  i 
AH  tboi  wwe  nadairl^  MMtal  Mum  diraetfton  air  ftmaoa  and  eaat  irtth  baae  np. 

K.  BIRKIE.  Jr., 
lAmitmmt  qf  Ordmtmu,  Iiuptettr. 

Poiirr  ForxTiUY. 

CM  Spnug,  N.  y.,  December  11,  1883. 
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BBPOBT  OF  MANUFACTURE  OF  3.2-INCH  BRE EC H-tOAliUfa  STBEL  RIFLX 

AX  WATB&WWJf  ARSENAL, 

BT  VAJ.  V.  m  PABXSB,  ORDKAMCB  raPAXnONT. 

(14  plates.) 

DESGSiniOM  OP  XH£  GUN  FINISHSD. 

Tlie  gun  as  designed  bv  the  Orduance  BnnrrT  is  sbown  in  the  Report 
of  the  Chief  of  Ordnmico  for  1883,  pap*  1»S9,  Phite  I,  and  in  Fi^r.  1,  Plate 
XI.  Various  changes  ami  modifications  have  boon  made  in  tli<»  plans 
during  the  progress  of  the  work,  with  the  approval  of  the  Orduance 
Board,  and  these  will  be  indioatea  ftuther  on. 

The  gfm  as  flpished  is  represented  io  Plate  I,  Fig.  1.  It  Is  made  en- 
tirely of  low  steel,  all  the  parts  except  the  tube  being  temiieTed  in  oil, 
and  is  composed  of  the  following  parts,  viz:* 

1.  An  interior  tnbe,  whose  total  leiiprtb  is  85.20  inches. '  The  exterior 
of  this  tube  for  a  distance  of  19  luciics  iiom  the  rear  end  is  turned  to  a 
diameter  of  6.009  inches.  From  the  extremity  of  this  distance  it  is 
tamed  to  a  diameter  of  5.608  inches  fbr  a  length  of  24.70  inches,  thos 
fbrming  a  shoulder  0.2005  inches  in  depth.  Continuing  for  a  distance  of 
^  ^nchf'^  n  thread  is  cut  for  tho  V<*y-ring,  the  pitch  of  tlirond  being  0.26 
inch,  diaiiH'ter  thronp:h  tops  of  tlireads  5.58  inches,  thiDiigh  bottoms  5.32 
Inches,  making  the  heigiit  of  thread  0.1  o  inch,  and  allowing  a  play  of 
0.014  inch     screwing  hove  of  key  ring.  For  a  distance  of  1  Inch  nom 
end  of  thread  the  diameter  of  the  tnhe  to      inches.  On  this  the  end 
of  key-ring  rests  when  screwed  home,  so  as  to  form  a  tight  joint.  From 
this  point  the  tiib^  tapers  for  ;i  distance  of  36  inches  to  a  diameter  of 
4.6  inches,  where  it  joins  tlie  muzzle-collar  (whose  diameter  is  5.10  inches 
and  length  1.5  inches),  by  a  curved  surface  whose  radius  is  0.64  inch. 
Fig.  6,  Plate  I,  shows  details  of  screw-thread  fbr  key-ring. 

On  the  interior  of  the  tube,  beginning  1^  the  rear,  the  diameter  for  a 
distance  of  0.6  inch  is  3.48  inches,  and  this  part  of  the  tube  wns  after- 
wards given  a  very  sli'^dit  taper,  to  correspond  with  that  on  the  gas- 
check,  for  which  this  poi  liun  of  the  tube  is  the  seat.  From  the  end  of 
this  distance  the  interior  diameter  is  3.40  inches,  for  a  distance  of  1.4 
inches.  Then  begins  tiie  elliptical  powde^chamber,  whose  length  is  10 
inches  and  mazimnm  diameter  3.8  inches.  It  is  a  frustum  of  an  ellip- 
soid whose  major  axis  is  22.8  inches  and  minor  axis  3.8  inches.  At  t!ie 
end  of  the  powder- chamber  the  shot  chamber  begins.  The  diameter  of 
powder-chamber  at  the  end  next  shot-chamber  is  3.4  inches.  From 

"These  parta  are  given  in  detail  iu  Tlate  II:  Fig.  1,  tlio  tube :  Fi^H.  2,  2a,  26,  2c.  the 
jacket  :Fig9. 3,  3a.  36.  tbb  truuuiou-riug  ^  Figi^.  4,  4a,  the  Hleove  ]  Figa.  5,  »)a,  the  key- 
ring: ngi»6,M,tii0lMM-riiiff. 

m 
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tbis  point  there  is  a  straight  taper  for  a  distance  of  0.2  inch  to  a  diam- 
ter  of  3.32  inches.  This  diameter  extends  for  a  distance  of  1.475  iiH-hes 
along  the  axis  of  tube,  and  then  there  is  another  straight  ta[)er  tor  a 
distance  of  0.2  inch  to  the  bottom  ot  grooves  3.30  inches  diameter,  and  to 
the  top  of  lands  3*20  inches  diameter.  The  lands  are  theieHoie  joined  to 
the  extremity  of  shot-chamber  by  a  bevel  of  0.06  ineh  in  a  distance  of  0.2 
inch.  From  thi'^  y>oint  the  rifling  extends  to  the  mnzzle.  Number  of 
grooves,  24  ;  number  of  lauds,  24 ;  width  of  grooves,  0.3  iuch  ;  widtli  of 
lands,  0.1188  inch ;  depth  of  grooves,  0.050  iuch ;  twiat,  one  turn  lu  30 
ealihers.  The  jonotion  of  lands  and  grooves  is  ronnded  with  a  carved 
suiface  of  0.05  inch  radios.  Tbe  detiils  of  shot-chamber  axe  civea  in 
Plate  I,  Fig.  3. 

2.  A  ja<;ket,  which  is  shmnk  on  tlierear  portion  of  the  tube  and  pro- 
jects over  the  rear  end  of  tube  5.6  mches.   It  is  in  contact  with  the  tube 
for  a  lenffth  of  22.85  inches,  measured  along  axis,  and  its  total  length  is 
28.45  inches.  A  section  tbrongh  its  axis  gives  for  it8  exterior  a  curve 
approaching  an  ellipse,  whose  maximum  ordinate  at  the  middle  is  4.78 
inches,  while  at  tbe  rear,  at  a  distance  of  12  inches  from  the  middle,  this 
ordinate  is  4.11  inches :  at  the  front,  at  a  distance  of  14  inches  from  the 
middle,  tbis  ordinate  w  3.87  inches.  The  intermediate  points  are  con- 
nected by  a  curve,  as  before  mentioned.   At  a  distance  of  1.25  inches 
from  the  forwanl  end  of  the  jacket  a  tapering  shonlder  is  turned,  and  a 
coiresi»on(liug  one  on  the  trunnion-rin^j:.    This  shoulder  on  triinnioD- 
ring  hooks  over  that  on  the  jacket,  and  holds  the  jacket  and  trunnion- 
ring  together.   The  diameter  of  toe  shoulder  next  the  jacket  is  6.559 
inches,  and  at  the  forward  end  next  the  trunnion  ring  6.602  inches,  thns 
giving  a  taper,  from  rear  to  front  of  0.0215  inch  in  a  distance  of  1.25 
inches.    The  taper  is  joined  to  jacket  with  a  curve  of  0.1  inch  radius, 
and  termiuated  at  its  forward  end  with  a  curve  of  0.25  iuch  radius  (de- 
tails in  Plate  I,  Fig.  4).   The  rear  end  of  jacket  is  ronnded  with  a  curve 
of  0.4  inch  radios.  On  the  interior  of  the  jacket,  beginning  at  the  rear, 
the  surface  is  rounded  wilh  a  cnrve  Of  0.4  inch  radius.   It  then  tapera 
for  a  distance  of  1.2  inches  firom  a  diameter  of  6.55  inches  to  a  diameter 
of  6..'i5  inches,  I'orniin^  a  seat  for  the  carner-rinjr.    It  is  then  for  a  dis- 
tance of  0.2  iuch  straight,  aud  0.35  inches  in  diameter,  forming  a  seat 
ibr  the  blank  end  of  base-ring ;  then  for  a  distance  of  3.8  inches  a  aqoaie* 
shouldered  screw  thread  is  cat  in  it  for  the  reception  of  the  basO'ring. 
The  details  nt  tfus  thread  are  given  in  Plate  T,  Fig.  2.   The  hinge  for  (aar- 
rier-ring  in  cut  out  of  tlie  rear  jjortion  of  this  jacket.  Its  details  and  those 
of  the  jacket  are  shown  in  Plate  11,  Figs.  2  aud  2a.   The  jacket  for  a 
length  of  19  inches  from  the  end  of  this  thread  is  bored  to  a  diameter  of 
6  inches.   At  the  end  of  this  distance  is  the  shoulder)  and  from  this 
point  to  the  forward  end  the  interior  diameter  is6.6  inches  for  a  distance 
of  3.85  iucln'>. 

3.  A  truunion-ring,  which  has  a  shoulder  corresponding  to  that  on 
the  jacket,  and  of  Ac  following  dimensions:  Length,  1.25  inches;  di- 
ameter next  to  jacket,  6.55  inches ;  next  to  trunnion  ring,  6.592d  inches, 
giving  a  taper  of  0.0214  inch  in  this  distonce  of  1.25  inches.  The  diam- 
eter of  rinir  for  the  rest  of  its  length  (7.55  inches)  is  6.6  inches.  The 
diameter  oi  the  trunnions  is  3.8  inches,  and  of  the  rimbases  4^^  height 
of  each  trunnion,  2.8  inches ;  total  width  of  tronnion-ring  from  out  to 
ont  of  tmnnions  15.1  inches.  The  other  details  relating  totronniona 
are  shown  in  Plate  11,  Fips.  3,  3a,  3h. 

4t.  A  sleeve,  which  is  shrunk  on  next  to  tlie  trunnion-ring.  Its  length 
is  13.30  inches;  exterior  diameters,  6.60  inches  next  to  trunnion-ring,  and 
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^00  ioo1i68  next  tomiusle;  interior  diameter,  5.6  inehes  (details  sbown 

in  Plate  II,  Fig.  4). 

5.  A  key  riTijr.  sprpwed  on  in  front  of  sleeve  and  liolding  the  other 
parts  of  the  nun  in  pluce  to  prevent  any  forward  movement.  It  is  3 
incheH  long,  G.50  inches  exterior  diameter,  and  the  details  of  its  screw- 
thread  are  ebowo  In  Plate  II,  Fig.  6.  The  only  point  abont  it  eepecially 
worthy  of  note  is,  that  at  the  front  end  the  screw-thread  stops  at  a  dis- 
tance of  about  0.2  inch,  nird  this  portion  of  the  rinj;  is  bored  to  a 
diameter  of  5.2  iiielies.  so  lli;(t  on  being  screwed  home  on  the  tube  this 
portion  of  it  rests  on  the  tube  in  front  of  the  sci-ew-thrcad,  and  forms 
a  tight  joint. 

0.  A  baae-ring,  screwed  into  the  rear  of  the  jacket.  On  its  exterior 
Snrface  is  cnt  the  square  shouhlered  thread  corresponding?  to  that 
already  mentioned  on  the  interior  surfjuM*  of  Jacket,  and  on  its  interior 
surface  is  cut  the  interrupted  thread  into  which  the  breech-jdug  is 
screwed  in  firing.  The  front  surface  of  this  base-ring  fits  cloe«1y  against 
the  rear  of  the  tube,  a  tight  joint  being  secnred  by  shrinking  it  into 
place.  Against  its  rear  end  the  carrier-ring  has  a  bearing  when  in 
y»osition  lor  firing.  The  len'rth  of  this  base  ring  is  4  inche-^ :  cxt+  rior 
diameter,  6.35  inches;  interim  diameter,  4.47  inches  to  bottom  oi  slois, 
4.03  inches  to  tops  of  threads.  The  details  of  the  threads,  &c.,  are 
shown  in  Plate  II,  Fig.  6. 

The  thickness  of  metal  at  maximnm  diameter  of  powder  chamber  is 
2.8«  ijjohes,  and  it  ^•^^i<'s  from  that  point  to  tlie  neck  behind  muzzle  ]>and, 
where  it  is  0.7  mcb  thick.  Weight  of  guii  complete,  791.25  pounds; 
preponderance  77  pounds  11  ounces. 

THX  BBBBOH  MBOHAHISM. 

This  is  composed  of  the  foUowing  phncipal  parts*  viz: 
.a.  The  breech-block. 
h.  The  FrUxe  obturator. 

c.  Tlie  carrier-ring. 

d.  The  lever- handle. 

e.  The  bronze  or  fixed  handle. 
The  hinge  pin. 

0.  The  latch  pin. 

a.  Stops  on  the  carrier-ring. 

And  certain  smaller  parts,  whose  uses  will  appear  in  the  description 
a.  The  breech  block^  is  shown  in  Plate  III,  Fij^s.  1,  2,  11,  12,  and  15. 
Its  total  length  is  5.95  inches.  It  is  threaded  for  a  distauco  of  4  inches 
from  its  forward  end,  and  the  circumference  of  the  thread  is  divided 
into  six  equal  parts,  the  alternate  ones  being  planed  off,  and  giving 
the  interrupted  screw,  which  is  well  known.  Besides  these  blank  sec- 
tors, two  additional  loncfitudinal  pfroove.s  are  planed  in  two  of  the  l)lank 
sectors  in  wliieh  sluh- tin  stops  of  tiie  earrier-ring.  One  of  these  grooves 
istihowu  at  a,  a  (ilalc  Hi,  i  ig.  2),  and  at  a,  a  (Plate  HI,  Figs.  11  and 
12).  The  lengdi  of  these  grooves  Is  4.66  inehes,  width  at  bottom  0.76 
inch,  and  their  sides  are  planea  passing  through  axis  of  ping.  They 
are  0.1  ineh  m  depth,  meaanred  frorn  The  top  of  threads  on  plnjr,  and 
0.22  inch  below  bottoms  of  threads.  These  grooves  stop  at  a  distance 
of  0.2  inch  from  the  front  end  of  plug,  leaving  a  shoulder  of  meial  of 
this  thickness,  against  whieh  the  stops  of  earner-ring  bear  when  the 
ping  Is  withdrawn.  At  the  rear  end  of  ping  these  grooves  are  cut  out^ 
as  shown  in  Plate  III,  V\gA.  2  and  11,  corresponding  to  the  pitch  of  the 
thready  and  of  a  width  equal  to  tliat  of  the  stops,  viz,  1.0X  inches,  and 
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of  a  leogrtb  eqoal  to  one-sixth  of  &  tarn  of  the  |ilog«  This  is  in  order 

that  tlio  stops  which  rest  in  the  longitudinal  grooveH  before  described, 
and  which  slide  in  them  when  thp  plujr  is  pnshod  forward  throTttrh  car- 
rier-ring, may  turn  in  these  trannverse  gi'oove«,  when  tlie  i>lug  is  re- 
volved one-sixth  of  a  turn,  to  lock  it  into  its  threads  in  the  base-ring. 
At  b  and  b  (Plato  III,  FigR.  2  and  15)  is  shown  another  groove,  wbooe 
shape  is  given  in  section  at  h  (Plate  III,  Fig.  15).  In  this  groove sUdSB 
the  end  of  tho  latch-pin,  which  iocivS  the  carrier  ring  to  jacket  and  un- 
locks it  automatically  by  the  action  of  this  groove  and  a  spring.  The 
interior  of  the  breech -plug  is  bored  out  ioi  a  distance  of  2.938  inches 
to  a  diameter  of  1.4  inches,  measuring  from  the  firontend  of  plug.  From 
the  extremity  of  this  distance  for  a  lengtli  of  2.217  inches  the  diameter 
is  0.7  inch,  and  then  for  a  di.stance  of  0.75  inch  the  diameter  is  1.3 
inches.  Thin  is  for  the  reception  of  tlie  spindle  of  the  Freire  ol>tnr:itor, 
with  its  spring  and  lockin^  uuts.  At  the  rear  end  of  plug  is  a  project- 
ing lug  for  the  lever-hancUe.  These  details  are  shown  more  elatrly  in 
Plate  III,  Fig.  15. 

h.  Thr  Freire  nhturator. — This  is  described  in  Ordnance  Notes  Xo. 
292,  but  as  used  in  the  3.2-inch  jiiiii  it  differs  in  some  respects  from  the 
former.  It  is  shown  in  Plate  ill,  Fig.  15.  Its  parts  are :  a  spiudle, 
with  its  head,  the  latter  a  tronoated  eone;  an  expanding  gas-ring,  fit- 
ting the  head :  a  spiral  spring ;  two  locklng'nnts,  and  a  oopper  bushing 
at  the  forward  part  of  rent.  The  arranpfoment  is  shown  in  drawiti;;. 
The  vent,  0.2  inch  in  diameter,  passes  through  the  axis  of  spindle,  and 
the  copper  bushing  is  inserted  by  pressure  at  the  front  eud.  The  spiral 
Spring  presses  the  spindle  forward,  when  relieved  from  the  pressure  of 
tne  powder-gas,  allowing  gas-ring  to  cootrsottoits  original  dimensions. 
The  spindle  is  held  in  rear  by  two  check-nuts,  by  means  of  which  any  de- 
mreeof  expansion  can  V>e  jTiven  to  the  rinp:  by  drawing  ba<  k  sy^iiHl!" 
The  gas-ring  fits  accurately  against  the  face  of  the  breech  plug,  and  ha^ 
a  play  of  0.01  inch  between  its  exterior  surface  and  that  of  its  seat.  The 
head  of  the  spindle  also  has  a  play  of  0.17  ihoh  between  its  interior  Ihee 
and  the  fh>nt  surface  of  the  breech-plug.  The  junction  of  gas-ring  and 
head  of  spindle  is  ^^--round  accnrately.  The  tn-fiofi  of  the  jxas-clieck  is  as 
follows:  The  pressure  of  the  j^owder-gas  when  Uie  ^nn  is  tired,  acting 
oii  the  cup-shaped  head  of  thcspiudle|  drives  it  (and  the  whole  spindle) 
hack,  compressing  the  spiral  spring,  and  at  the  same  time  hy  Its  wedg- 
ing action  on  the  gas-iing  expanding  the  latter  till  it  (its  aocorately  on 
its  seat,  thus  preventing  any  escape  of  gas.  When  the  pressure  is 
renmved  the  action  of  the  spring  forces  the  spindle  forward,  and  the 
gas-ring  contracts  and  resumes  its  former  position.  By  setting  up  the 
nuts  at  the  rear  end  of  the  spindle  gas*ring  is  expanded,  and  its  play 
deoreased. 

c.  The  carrier  rinfj. — This  is  shown  in  Plate  III,  Figs.  3  and  4,  and  at 
a  (Plate  III,  Fig.  1),  and  also  in  section  at  a\  a'  (Plate  III,  Fi;;.  2). 
It  forms  a  support  for  the  breech-plug  when  the  latter  is  withdrawn 
ftmn  its  position  in  the  breeoh  and  is  swung  roond  to  open  the  breech 
for  loading.  Its  interior  diameter  is  4.47  inches,  and  its  exterior  is  a 
frnstnm  of  a  cone,  forming  a  surface  which  fits  accurately  in  its  seat  at 
the  rear  of  tlic  jnclvcf,  previously  described,  c  &  are  the  lugs  (Fig.  4), 
which  fit  into  corresponding  recesses  in  the  jacket,  and  form  a  hinge,  on 
which  the  carrier-ring  and  its  breech -plug  are  swung  back  in  loading. 
6,  (Fig.  1)  and  &  (Pig.  4)  are  the  stops,  wliioh  are  fitted  into  the  carrier* 
ring,  and  which  slide  in  the  grooves  before  mentioned  in  the  breech- 
plng,  and  gnide  it  while  it  is  being  drawn  out  from  its  seat,  and  hold 
the  plug  when  the  carrier-ring  is  swung  back,  a  (Fig.  4)  is  the  latoh* 
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pill,  wliioli  locks  the  carripr-rini^  to  the,  jacket  at  a  certain  period  ot  the 
luaveiueiit  of  the  breecb-plug.  This  latch-piu  enters  a  conefipoudiug 
hole  in  the  interior  of  the  jaeket.  II  is  shown  at  a  (Fig.  4,  Plate  IIl^ 
and  its  details  are  shown  in  Figs.  6  and  7,  Plate  III.  It  is  composea 
of  the  following  parts:  u  pin  (I'iir.  7);  a  spiral  spring  (Fig.  4);  a  rec- 
tangular head  (Fig.  ti)  j  and  a  Mtrew  ping,  d  (Figs.  4  and  r>\  with  a  rec- 
tangular Hlot  for  the  reception  of  the  head  (Fig.  6) ;  this  head  is  tjecured 
to  the  pin  by  a  screw  tbroogb  a  (Fig.  0).  The  eonneotion  of  the  dif- 
ferent ])art8of  the  latcb-pin  is  shown  in  Fig.  4,  Plate  III.  The  pin  is  first 
inserted  in  tlie  hole  drilled  for  it  in  the  carrier-ring;  the  spring  is  then 
dropfu'd  into  i)lace,  resting  on  the  shonUler  at  the  bottom  of  pin;  the 
screw-plug  with  the  rectangular  opening  is  next  ioserted  un<l  secrewed 
bouie ;  the  pin  is  then  poshed  op  from  the  inside,  eompressing  the  spring, 
and  the  rectangnlar  hea^i  put  on  and  secured  by  its  screw.  It  wilt  be 
seen  from  the  drawing  that  the  aetion  of  the  spring  is  to  press  down 
the  latch  and  nnloi  k  the  carrier-ring,  and  hence  the  locking  e;m  only 
be  accomplished  by  pushing  up  the  pin  hoiu  the  inside.  This  ( m 
plisbed  in  the  gun  by  the  pecnliar  shape  given  to  the  groove  in  wUii^h 
the  pin  mores,  x  (Fig.  4)  is  a  recess,  into  whieh  the  bMid  of  the  lever- 
handle  fits  when  the  breeeh  i>!iig  is  in  the  firing  position,  by  which  the 
plug  is  locked,  and  prevented  IVoin  turning.  It  is  shown  in  section  in 
Fig  5,  Plate  ill.  Fig.  8^  Plate  III)  is  the  screw  for  securiug  the  stops  in 
carrier-ring. 

d.  The  Iwer-kmidle,  is  shown  In  Figs.  13  and  14,  FUte  III.  Its  head 

at  a  forms  a  cam,  which  fits  into  a  recess  in  the  face  of  the  carrier-ring 
already  dfscriU'd.  Ita  edges  at  b  are  sliLditly  beveled  to  correspond 
with  tlie  sides  of  its  reeess.  The  objet^t  ot  tljis  is,  when  the  threads  aro 
first  tilted,  if  there  is  any  slight  inaccuracy  in  their  culling,  the  block 
cannot  be  screwed  entirely  home,  and  this  beveled  snrfaoe  allows  far 
the  inaocnraey.  Again,  after  firing,  when  the  threads  all  fit  aoonrately 
and  come  to  a  bearinir.  t!ie  plug  on  being  screwed  home  will  pass  a  little 
beyond  its  proper  poiiition.  The  beveled  snrfa<!e  acting  on  the  of>posite 
side  will  then  bring  the  plug  back  to  its  proper  position  when  the  lever- 
handle  is  lowered.  The  lower  end  of  the  lever- handle  Is  ronnded,  and 
when  the  ping  is  in  its  Aring  position  this  roanded  end  fits  in  a  recess 
cut  in  the  TPar  portion  of  jaeket,  and  shown  at  c  (Fig.  1,  IMate  III). 
Thus  f  lif  i)liig  is  held  by  the  lever  handle  resting  ai  one  end  in  a  recess 
in  liie  uai  i  ler  ring  and  at  the  other  end  in  this  recess  in  the  jacket,  and 
the  block  (or  plug)  cannot  tnm  till  the  lever-handle  is  raiseu. 

€.  The  bronze  or  fixed  handle. — This  is  shown  in  Figs.  1  and  2,  Plate 
III,  at  h  and  h.  It  is  attached  to  the  icar  nf  the  breech  plug  by  two 
tap  bolts,  ;Mid  st  rves  as  a  hold  Ibr  the  baud  iu  withdrawing  Uie  breeoh- 
p  ug  Iron  I  its  stat. 

/.  The  hinge  pitiy  wbioh  is  shown  at  k  (Fig.  1,  Plate  III). — Its  use  is 
obvions. 

g.  The  pin  /or  lever  handle,  shown  at  A'  (Figs.  1  and  2);  /<,  stay-pin 
for  pin  of  hinge  and  n,  7i,  same  for  pin  of  lever-handle  (Fig.  l^Plate  III). 
They  hold  the  above-named  pins  in  position. 

h.  The  Hiom  on  earner  ring,  are  shown  in  detail  in  Figs.  9  and  10,  Plate 
ni.  Tbeir  length  measunnl  along  the  axis  of  t  be  gun  is  1  ineh,  to  give 
as  long  a  bearing  as  poHsible  for  the  grooves  of  the  breeeh  plug.  They 
are  bored  out  for  a  distance  of  n 'j  inch,  measnring  from  the  exterior 
Rurfaee,  in  order  that  the  rear  enti  of  the  breeeh  ping,  whieh  is  without 
a  tliiead,  may  enter  ibr  this  length  into  (he  carrier-ring  and  completely 
fill  the  ring,  and  thos  avoid  openings  into  the  interior,  thtoogh  whi^ 
dost,  &e.,  might  penetrate  and  injure  the  parts. 
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AOTIOM  OF  XH£  BE££CH  MEOEAHISH. 

To  ntiderstand  tbe  action  of  the  different  parts  eomiiofliiig  tbe  brerah 
tnechftnism^  suppose  tbo  breech  closed  and  the  piece  ready  to  fire.  The 

loM  tT  nunidcd  end  of  the  lever  liaiidle  (hen  rests  in  its  spherical  recess 
iu  the  lower  ]mrt  of  the  Jaeket  c  (Fi^.  1,  I'late  111),  while  the  hea«l  of 
the  lever  handle  rests  iu  it«  lecesn  iu  the  face  of  the  carrier  ring  x*  { Fig.  1, 
Plate  III),  tbas  tnckiDi;  tbe  breeoh-plug  in  its  position  in  tbe  baae-rinf. 
and  renderings  impossible  any  rotary  movement  of  the  breech-block  ta 
firinj^. 

Tlie  {groove  for  the  inner  end  of  the  latch -pin,  shown  at  b  and  b  (Fig. 
2,  Plate  III),  is  of  the  following;  shape  and  dimeusious :  Starting  at  a 
(Fig.  2,  Plate  Ttl),  its  depth  isO.iesiueh  below  tbe  snrfaee  of  the  Uank 
sector  of  breech  plug,  and  this  depth  oontiuaes  for  a  distance  toward 
the  front  of  breech  plug  of  3.64  inches ;  from  this  point  it  inclines  to  a 
depth  of  about  0.25  inch,  as  shown  at  b'  (Fi^^  1;")).  for  a  di»tanc«  of  0.5 
inch  J  it  then  terminates  iu  a  cavity  of  the  shape  shown  at  h*'  (same  fig- 
ure). Now,  returning  to  the  point  a,  where  the  lonfntndinal  frroove  just 
described  starts,  the  transverse  groove  shown  at  b  (Fig.  2,  Plate  lil), 
gradually  increases  in  depth  from  this  point  of  beginning  to  the  end  of 
the  groove  at  c  (FifX.  2,  Plate  111),  where  its  depth  is  the  same  as  at  k'' 
(Fig.  15,  Plate  lil),  viz,  0.315  inch.  The  length  ol  this  transverse  por- 
tion of  the  groove  is  one-sixth  of  a  turn. 

The  inner  end  of  the  latcb-pin  at  a  (Fig.  4,  Plate  Ilf)  is  shaped  to  ftt 
into  the  cavity  at  the  forward  end  of  the  longitudinal  groove  at  (Fip. 
15,  Plate  III).  This  lateli-pin  has  to  rise  about  0.1'?  inr^,  in  ordt-r  ti> 
lock  into  the  recess  iu  the  interior  of  jneket,  and  the  «liiiu'i*sj()ns  of  llitt 
groove  iu  which  it  bears  are  so  arranged  that  while  the  inner  end  of 
tbe  pin  is  restiog  od  the  straight  portion  of  tbe  groove  from  6  to  ^  r  Fig. 
15,  Plate  III),  this  pin  is  pushed  up  throu<;h  tlir  carrier-ring,  ana  tbe 
carrier-rinfj  locked  to  the  jacket.  When  the  eii  l  of  tiie  pin  bej^ins  to 
des(?end  the  inelin«*  //  //'  tlic  sprinir  «d'  the  i)in  be^jins  to  witlnlraw  ir. 
and  unlock  the  earner  riuj^,  and,  Imally,  when  the  pin  ivsts  iu  its  cavity 
h"  (Fig.  15,  Plate  HI),  at  the  end  of  the  longitudinal  groove,  the  car- 
rier-ring is  unlocked,  and  reaily  to  be  swung  back  on  its  hluge,  and  tbe 
pin  is  held  firmly  in  its  cavity  by  the  spring.  In  the  same  way,  when 
tiie  end  of  the  pin  is  made  to  move  from  a  to  r  2.  Plate  ill),  the 
depth  of  the  groove  gradually  increasing,  thespj  graduaiiy  wiihdmwa 
the  pin  till  at  tbe  extremity  o  of  tbe  trausverse  groove  the  carrier  riDg 
is  a>r:iin  nalocked,  and  tbe  pin  pressed  down  to  tbe  bottom  of  the  gniore. 
•It  will  be  seen,  then,  that  the  carrier  rin*;  is  unlocked  when  the  pin  rests 
in  th<'  two  positions  b"  and  c  at  the  ends  of  the  groove^  and  that  it  10 
locked  iu  every  other  jiosition  of  the  pin  in  its  groove. 

This  being  under8too<l,  when  tbe  breech-ptug  is  in  the  firing  position, 
with  its  lever-handle  locked,  as  before  explained,  tbe  lever-nandle  h 
vertical,  the  plug  is  pu.shed  forward  throujjh  the  carrier  ring,  and  base- 
rin;j:,  ant!  its  threads  locked  itito  the  corresponding  threads  of  the  base- 
ring  ;  the  ga.s  check  is  in  position  at  its  seat,  and  the  inner  eud  of  the 
lateh-piu  is  resting  at  the  extremity  c  (Fig.  2,  Plate  lU),  of  its  trans- 
verse groove.  Tbe  two  stops  on  the  carrier  ring  also  rest  at  the  eztreoi' 
ities  of  their  transverse  grooves  at  dd  (Figs.  2  and  11,  Plate  III).  Xow, 
in  this  ftosition,  tlje  end  of  the  latch-piu  restinf?  at  e  (Fi<j.  2).  the  ear- 
rier-rinj4  is  unlocked  from  the  jacket,  and  therefore  during  tiring  tliere 
is  no  strain  tni  the  carrier-ring,  except  that  which  may  arise  from  the 
eflbrt  of  the  breech-plag  to  rotate,  and  ftom  the  manner  of  its  locking 


Digitized  by  Googl( 


BBPOBT  OF  THK  ORISF  OF  OBDNAKOB. 


515 


this  strain  will  be  practically  Dotliin^.   Tbe  eairier-ring  Is  kept  closed 

during  tiriii<r  by  tlie  hijr  of  the  lever  hainlle. 

After  firiu^,  to  open  the  breech  the  k  ver  handle  is  raised  till  Us  axiii 
is  parallel  to  that  of  tbe  piece.  This  movement  raises  the  rounded  end 
of  the  lever  handle  ft-om  its  recess  in  the  jacket,  and  at  tbe  wme  time 
caattes  th<»  head  of  the  lever-haudle  to  move  entirely  out  of  it«  recess  in 
thefacoor  the  carrier  riii^.  tlins  nnlnckiTip:  tljc  I)!*'*'^!  mikI  allowing 
it  to  bi'  tin  in'tl.  KiM  jtiii;^  tlu'  U'Vcr-hMiidlr  in  tins  position,  uiui  by  means 
of  it  and  o(  Iha  lixed  bronze  hantUe  the  breech  plug  is  now  turned  to  the 
left  one-siztb  of  a  tarn,  fill  the  stops  on  the  CHmerring  hrinf?  up  against 
tbe  sides  of  their  grooves  at  d' d'  (Figs.  2  and  11,  Plate  III),  when  the 
movement  will  be  Mrrested.  By  this  movem(Mit  (one-sixth  of  a  tiini)  th^ 
threads  on  the  seii'w  i>lnrF  nre  released  from  t!it*ir  bearin;;s  ;i<r:un8t  the 
corresponding  threads  ol  tbe  base-ring,  aiiii  aie  brought  into  the  blank 
sectors  of  tbe  base-ring.  While  this  movement  of  tbe  screw- pin is 
taking  place,  the  inner  end  of  tbe  latcb-pin  is  maile  to  move  along 
the  bof!<?T!^  of  the  in(lin«'(l  ijmove  from  c  to  a  (Fig.  2,  J*l  itt  III),  ami 
tln'irr'Ki'' ('  bfftiL' fnore  .sliallowat  liiis  hitter  point,  jih  explained,  pushes 
up  liie  iatcii  piu,  aud  Unika  the  carrier-ring  to  the  jacket.  The  lever- 
bandle  is  now  depressed  as  for  as  possible,  and  by  this  movement  its 
cam- sha)ied  head  comes  to  a  bearing  against  the  rear  face  of  the  carrier- 
rinjr,  and  forces  tlie  lneecu  f>lng  backward  out  of  tlie  pieei;  for  a  sliorb 
distairrc.  The  object  of  thi-^,  it  is  apparent,  is  to  loosen  the  contact 
betweeu  the  j>arts  and  overcome  any  sticking  that  may  occur,  by  the 
pot»  erfal  action  of  the  cam  and  lever.  The  breech-block  in  position  ready 
for  withdrawal  is  shown  in  Fig.  1,  Plate  III. 

The  breech-block  being  in  this  position,  and  the  carrier-ring  locked 
to  the  jacket,  so  that  it  canuot  be  ymlled  open,  the  breech-block  is  then 
pulled  out  through  the  carrier- riug|  the  hand  grasping  the  fixed  bronze 
handle. 

During  this  movement  of  tbe  block  to  tbe  rear  tbe  stops  in  tbe  car' 
rier  ring  slide  in  their  re8i)ective  grooves,  till  at  the  end  of  their  travel 
they  brin^  np  against  tbeshoolders  in  the  bn:eoh-blook  at  tbe  iront  ends 

of  the  groove."^. 

During  this  t»ame  movement  the  end  of  the  latch  pin  of  the  carrier- 
ling  travels  in  its  groove,  and  being  of  tbe  same  deptb  np  to  tbe  point 

h*  (Fi^.  16,  Plate  111),  the  carrier- ring  is  kept  locked  to  the  jacket  dur- 
ing this  travel.  But  as  tlie  eml  of  the  latch-pin  hecrins  to  ib  seend  alotig 
tbe  ijK'liTie  h'  h"  (Fij?.  15,  Plate  111),  the  spring  acting  on  this  pin  with- 
draws it  from  its  recer>8  in  the  jacket.  Finally,  when  the  breech  plug  is 
drawn  ont  to  its  fbll  extent,  and  tbe  stops  on  tbe  carrier-ring  come  to  a 
bearing  against  the  shoulders  in  their  grooves,  the  end  of  the  latch- 
pin  dr<»pK  into  its  cavity  at  the  end  of  its  jrroovp,  and  the  carrier-ring  is 
nolocked  and  ivrv  to  swing  with  the  breech  pin ;^  wroninl  its  hin^e. 

The  carrier-ring  and  plug  are  then  swunu  around  to  the  left,  aud  the 
breech  is  open,  and  tbe  piece  ready  for  loading. 

It  will  be  seen,  therefore,  that  during  thu  dnng  tbe  catrier-ring  is  un- 
locked, and  tlieie  is  no  strain  on  it,  but  as  soon  as  the  breech  pbi;;  is 
toMM'd  tor  wiihdiawal  the  carrier  ring  becomes  lo(  kc<l,and  remains  so 
ciuring  the  withdrawal  of  the  plug,  and  as  soon  as  the]»lug  is  drawn  out 
to  it  slnll  extent  tbe  can  iar-iing  becomes  aniocked  andready  tobcbwni  g 
back. 

The  charge  and  projectile  having  been  inserted,  the  next  ste|>:  :  to 
close  the  breech  for  firing.  The  shape  of  the  recess  in  the  plug  which 
receives  the  end  of  the  latch  pin  has  been  describetl.  In  swinging  round 
the  carrier-ring  and  its  breech-plug  to  close  the  breech  it  is  important 
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that  the  breech-plufj  shall  not  move  forward  throufjh  the  carrier  rin<r 
till  the  latter  has  reached  its  proper  seat,  otherwise  the  gH8-c'ht-i.'ck 
woqM  jam  against  some  part  of  the  gun,  and  probably  be  aerioosly  in- 
jured. To  guard  against  this  forwnrd  movement  of  the  br^eh  flog 
prefimturely,  the  recess  at  the  end  of  the  hitcb-piu  grwjve  has  b<»cn  <nven 
its  present  shape.  With  lint  pin  seated  in  tlii.s  recess  and  1 1 eld  t bene 
by  the  action  of  a  stiti  spring,  any  forward  niuveuieut  of  the  plug  is 
vemlered  almost  imposfrible  nnderordluaxy  cifcamatanGeSy  aa  it  reqnirei 
c  Tisi(l(  rahU>  force,  even  when  the  canrier-ring  is  in  its  proper  poaitktt 
to  force  the  plug  forward. 

Now,  to  clone  the  breech,  the  carrier-ring  and  its  plug  are  swnng  ratlier 
sniurtly  into  place,  so  that  the  carrier- ring  may  come  to  its  pru[ier  bearing. 
The  lever-liandle  ia  then  raised  till  ita  azia  is  parallel  with  that  of  tlM 
piece,  and  the  breech-]dng  poshed  forward  by  means  of  the  fixed  Uronae 
handle  till  its  motion  is  arrested  hy  the  contact  of  the  last  thread  on  the 
bre«M  ]i Mock,  which  for  tin's  i>urpose  is  not  cut  away,  with  the  thn-ad  on 
the  base  ring.  Caie  should  be  taken  to  raise  the  iever-haiidie  as  indi- 
cated, otherwise  the  oaui-head  of  the  lever  will  eome  in  oontaet  with  the 
face  of  the  carrier-ring,  and  the  breecii  plaj;  cannot  be  turned,  an  it  is  not 
pushed  forward  far  enough  to  allow  its  threada  to  come  oppoaite  their 
fipaees  in  the  threads  of  the  base  i  in^.^ 

During  this  travel  of  the  breecii  plug  the  stops  in  the  carrier  ring 
slide  in  their  grooves  in  the  plug,  the  threaded  sectors  of  the  breech- 
plag  move  forward  in  the  blank  sectors  of  the  Imae-riog,  and  the  end  of 
the  latch-pin  moves  ont  of  its  recess  up  the  incline,  and  along  ita  groove 
to  the  iK)int  a  (Pijr.  2,  IMat*^  HI),  locking  tlie  carrier-ring  ajrain  to  tlif 
jacket.  The  plug  in  this  pusiii  ui  is  showu  in  Fig.  1,  Plate  ili|  except 
that  the  lever  handle  is  raised,  as  above  described. 

The  ping  and  oarrier-riug  being  in  this  position,  the  ping  la  then 
toraed  to  the  right  one-sixth  of  a  turn,  the  lever-handle  being  kepi 
rained. 

During  tins  movement  tlie  stops  on  the  carrier  ring  move  in  their 
transverse  grooves  till  tliey  come  to  a  bearing  at</^  (1*  igs.2  an<l  1 1,  Plate 
III),  when  the  motion  of  the  breech-pIng  is  arrested  $  the  inner  end  of 
the  latch  pin  move^  down  its  tranavenie  groove  till  it  stops  at  c  (Fig.  2, 
Plate  III),  thus  unlocking  the  can  !ei  T  in<2:  from  the  jacket.  The  h'ver- 
handle  is  now  depressed,  its  hea  1  (  (Muing  into  thereeess  in  the  ta<  e  of 
the  carrier  ring,  and  its  lower  en«l  liiiiug  into  its  recess  in  the  jacket. 

The  piece  is  now  rvady  for  firing,  ita  breech  mechanism  being  in  the 
position  first  d(    i  ilted. 

The  lever-haudie  is  bent  sideways  to  dear  the  venb 

THE  FOBGINOS. 

These  were  reeeived  firom  the  Mid  vale  Works  on  the  27th  of  Decem- 
ber, 18S.J.  Tlie  tube  was  solid,  the  Jacket,  trunnion  ring,  sleeve,  key- 
t'wi'Ai  and  base-ring  forged,  bored,  and  tnined  roaj;h]y,  and  ten»|)ered 
in  uil.  The  tube  was  not  oil-tempered.  The  smaller  forgiugs  for  the 
breech  mechanism  were  received  later. 

lYork  on  the  plant  was  began  Noirember  10, 1883,  and  on  the  gno 
itself  Jan uaiy  8, 1884*  The  gun  was  finished  and  ready  for  ahipment 
June  21, 1884. 

JMie  for  horinff  ttrde.— There  waa  no  lathe  at  the  amnal  of  anflldeBt 

length  for  boring  and  rifling  the  tube,  aud  the  first  work  done  was  to 
fit  up  one.  Two  ahot-lathes  were  moved  end  to  end,  and  their  heds 
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couuected  by  straps,  as  sbowu  at,  a,  a'  (Plate  IV).  The  lathes  were 
also  ooDuected  by  a  heavy  bolt,  and  aoearately  leveled,  makinp^  tha 
beds  praetieally  cootiDaous,  and  giving  sufficient  length  between  cen- 
ters for  all  purposes.  By  inoving  head  stock  and  changing  the  counter- 
shaft thi8  liitbe  waB  used  for  pieroiDg  the  tabe,  then  for  n^amiug,  and 
aftervanls  for  ritliug. 

Baring  tools. — (1)  The  tool  used  for  piercing  the  tabe  is  called  a  "bog- 
noBC'd  (ool"  by  the  workmen.  It  Is  shown  in  detail  in  Plate  V,  Fig.  1, 
Ifiving  a  phiii.  Fig.  2  a  side  elevation,  and  Fig.  3  a  front  elevation  oi 
the  too!,  and  Figs.  4,  4a,  5, 5a  the  tool  complete.  It  is  made  of  steel,  in 
two  paiU«,  the  bur  hearing  the  cntter-heatl  being  keyed  together  in  the 
middle  at  6,  b  (Figs.  4a  and  5a)  with  a  taper  key.  A  ste^'l  bar  of 
proper  alse  is  vpeet  to  form  the  ovtter-head  e  (l^gs.  1  and  2).  The 
brir  and  head  are  then  turned  to  size,  and  one-half  the  cylinder  is  planed 
oft'  at  the  he:i(^  forming  the  entter-head,  as  shown  at  Fig.  3.  Before 
tliiH  jilaning  is  done  a  hoU'd  (Fig.  3)  is  drilled  and  Ta]ip(  d.  aiid  a  serew- 
plug  inserted,  on  which  the  center  is  accurately  marked.    The  object 

of  this  is  that  the  tool  may  be  centered  and  Its  cotter  aecarately  tnmed 
after  it  is  screwed  into  place  at  e  r  (Figs.  1  and  2).  When  not  in  use 
this  i)lng  is  removed,  ami  its  bole  filled  with  waste,  to  keep  out  chips, 
&c.  The  shape  of  the  cutler  is  shown  at  c  c  r  (Figs  1,  2,  and  .3);  its 
seat  is  accurately  planed  out  in  the  cutter-head,  and  it  is  screwed  into 
place  and  held  by  the  two  soiew-bolts  shown  in  plate;  it  is  tamed  con- 
centric with  the  head  by  the  use  of  the  sorsw-plag  center  already 
described;  /,/i8a8mall  copper  tube  which  runs  along  the  ten!,  nnrl 
is  fastened  to  it  with  copper  straps  and  screws.  It  supplies  a  stj  <  nu 
of  oil  to  the  cutter  during  its  progress  through  the  tube.  Its  operuliuu 
will  be  nnderetopd  by  a  reference  to  Plate  lY ;  it  is  there  shown  con* 
nected  to  a  small  hand-pnini)  by  a  rubber  tube.  This  pnmp  staadsin 
a  YCSBt'l  tilled  with  lard  oil,  and  by  its  airtioii  the  oil  is  forced  tlirough 
the  rubber  and  copper  tubes,  and  issues  in  a  streaui  against  the  cutter, 
aud  then  runs  back  down  the  bore  of  the  gun  into  the  reservoir.  This 
entting-tool,  being  accurately  turned,  and  entered  i>ro]>erly  in  the  boreu 
ia  8elf*centering,  as  is  seen  from  its  shape,  and  will  guide  itself  and 
make  a  true  hole.  In  the  present  case,  after  traveling  a  dist  nieeof 
nearly  8  feet,  its  divergence  from  n  straight  line  was  so  slight  that  it 
could  not  be  measured  with  any  instrument  on  hand. 

The  form  of  its  chips  is  shown  in  Figs.  0  and  tia,  Plate  Y.  As  the  chips 
are  cot  off  they  accumulate  on  the  flat  sorlSm  «  e  of  the  cntting-head, 
aud  the  cutter  must  be  drawn  out  and  cleared  when  this  8v>ace  becomes 
filh'd.  After  a  little  experience  tlie  time  is  soon  ascertained  which  it 
requires  to  till  up  the  c  itter  with  eliii)s,  and  no  clogging  need  occur. 
It  wa>i  found  that  a  cut  of  about  three  eighths  oi  an  inch  was  sulhcieut 
to  fill  op  the  cntter  with  chips. 

Boring  tts  tube. — The  action  of  the  tool  is  shown  in  Plate  lY.  The 
tube  is  represented  at  h  (Figs.  1,  2,  and  3,  Plate  IV).  Four  iron  jaws 
are  bolted  to  the  tac^-plaie  of  the  lathe  c,  c  (Figs  1  and  3).  They  are 
bored  out  to  the  diameter  of  the  tube,  a  wrought-irou  ring  d  (Figs.  1  aud 
3)  shrank  over  their  ooter  ends  to  prevent  siiringing,  and  screw-bolts 
passing  through  them,  e,  e  (Fig  1),  hold  the  tube  in  ]»o8ition  for  boring. 
A  bearing  is  turned  on  the  Other  end  of  the  tube  at  ^,  and  this  end  fa 

supported  by  a  haek-rest. 

The  position  ot  the  piercing  tool  is  shown  at  k  ^Figs  1  aud  2),  its  first 
■eotiim  only  being  represented.  The  second  section  is  keyed  on  to  the 
first  aa  the  boring  progresses.  The  handle  of  the  tool  is  held  by  two 
straps  m  (Figs.  1  and     the  lower  one  being  bent  aa  shown  in  Fig.  8, 
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aod  resting  on  tbe  Uthe-becl)  along  wbicb  it  is  firee  to  move.  By  tbis 
lower  Btrap  tlie  tool  is  belcl,  and  prevented  fVoin  turning,  an  the  tube 

rotates.  The  tool  is  fed  torward  by  the  hand  w iicel  of  the  tail  8t<Kk  till 
it  icaclios  the  limit  of  its  (ravi'l,  when  the  taii-8tock  i»  inovetl  iursvaid 
and  clauiped,  and  tlte  tool  a^uin  fed  forwartl  from  its  new  position.  To 
draw  the  tool  back  for  cleaning  it  of  cbips,  two  straps  areattaebed 
to  the  tail  stock  center,  shown  at  n  (Fig.  1),  and  are  comu ctrd  longitu- 
dinally with  tho  straps  in  by  bolts  and  huts  p  p  (Fig.  1).  'J  lie  tube  is 
driven  by  the  hoad-stoek  of  the  lathe,  and  the  cutter  ft-d  torward  by 
hand  and  held  ds  described,  till  the  tube  is  bored  to  a  depth  equal  to 
tbe  length  of  tbe  first  section  of  tbe  ootter-baTt  wboo  its  second  section. 
Fig.  5  and  6a,  Plate  V,  is  keyed  on,  and  tbe  boring  completed.  Tbia 
was  neromplished  without  any  arcidcitf  or  delay,  only  one  cutter  being 
n-ied  ill  the  operdtion.  It  was  fnniHl  f1i;U  at  a  point  aliout  two  feet  imm 
the  muzzle  the  metai  was  soft  tor  a  ilisiaace  of  a  lew  inches.  This  was 
•bown  by  tbe  movement  of  tbe  cntter,  wbiob  could  be  fed  fcvward  very 
rapidly  at  ibis  point,  while  ordinarily  its  motion  was  very  slow.  Tbe 
same  thing  was  noticed  at  several  other  points,  and  would  seem  to  in- 
dicate that  the  metal  of  the  tube  was  not  homogeneous.  These  si>ota 
afterwards  showed  very  plainly  in  the  ritling.  No  snch  defects  wei-e 
observed  in  the  other  parts  of  the  guu,  and  as  these  were  oil-tempered, 
while  tbe  tube  was  not,  it  is  thought  that  it  wonid  be  a  great  improve- 
ment if  the  tube  after  its  first  boring  should  be  oil-tempered  also.  The 
time  required  for  borini?  tlie  tnl)e  was  seven  days  nf  ten  hours  each,  one 
mau  and  a  boy  bcin;;  ie<iuired.  It  should  be  added  tliat  befon^  usiii;!: 
the  piercing  tool  a  hulu  wa^  drilled  to  the  depth  ot  the  cutter-head  iu 
the  inbe,  and  enlarged  by  thense  of  snooe8si%*e  tools  till  it  was  tbeexaet 
diameter  of  the  cutter  head,  viz,  2.05  inches. 

Tool  for  boring  jacket  and  sleeve. — This  is  ^liown  in  Fvjrs  1  and  2,  Plate 
VI,  It  is  the  ordinary  boriufr  bar  used  i'ov  boring  e.vbndera.  a  a  (Fig. 
1}  is  the  barj  it  hua  a  longitudinal  groove  in  which  resits  tbe  i'ecd-Kcrevr 
d,  tnmiog  in  a  collar  at  each  end,  and  carrying  a  gear>wheel  o,  c  (Figs. 
1  and  2)  at  one  extremity.  The  cntter  is  cai  i  ied  by  a  sliding-head  d 
(Fig.  1)  which  fits  the  bar  ac''Mi;itely  and  sbdes  ah)ng  it,  driven  by  the 
feed  screw  ft,  which  p.'isses  tlnough  a  tixed  tint  d  on  this  ^lidin'jc  liead. 
The  culler  is  shown  at  e.  The  manner  of  coiinnunicating  motion  to  the 
feedjMsrew  is  shown  in  Pig.  2,  and  at  c  (Fig.  1 ).  The  boring-bar  pasaes 
through  the  jacket,  which  is  shown  at  k  (Pigs.  1  and  2),  and  is  held 
firmly  clamped  at  in.  so  that  it  tnrns  with  the  head  stock  of  the  lathe, 
while  it  rests  at  ilie  otln  rend  against  the  lathe  centei  at  d'.  The  jacker 
is  held  tirmly  and  does  not  titrn.  Now,  it  will  be  seen  by  an  innpectiou 
of  the  gears  at  e  (Fig.  2)  that  when  the  boring  bar  turns  about  its  axis, 
the  pinion  d'  being  tiiet),  motion  is  communicated  through  the  inter- 
mediate gearing  to  the  feed-screw,  which  turns  in  its  nut  in  the  sliding- 
head  at  J,  and  the  screw  being  fixed  and  its  nut  movable,  the  nut  with 
theisliding  head  attached  moves  forward  shjwly  parallel  to  the  axis  <»f 
the  bar,  and  i8  at  the  same  time,  by  the  motion  of  the  bar  il^lf,  carried 
lonnd  in  a  circle,  so  the  cntter  makes  a  spiral  cnt  on  tbe  interior  ef 
the  ja«*ket. 

Boring  the  jnclrf.— The  interior  of  the  jacket  was  first  bored  out  to  its 
smaller  diameter,  and  then  by  means  ot  suitaltly  shaj^ed  cutters,  shown 
in  1,  2,  ;i,  4,  5,  0  7,  8,  U  (Tlate  VI),  the  larger  diameter  was  boied,  and 
by  stopping  the  feed  at  the  sbonlder  and  causing  tho  tool  to  move  in 
a  circle,  the  proper  shape  was  given  to  the  shoulder.  The  oataide  of 
the  jacket  was  then  turned  to  a  cylinder,  its  diameter  b(  ing  a  little 
greater  than  the  maximum  finished  diameter,  and  the  shoulder  turned 
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on  ftont  end  of  jaek«t  The  time  reqalred  for  this  work  was  oiiieteen  • 
and  one  half  dayp  of  eight  hours  each,  one  man  being  employed.  The 

painp  h  \v  \v;iR  n'iO(\  for  tltp  sleeve.   Time  required  for  horiurr  and  turn- 
ing sleeve  six  da.vs  ot  ei^ilit  hours  each,  one  man  being  employed.    The  , 
sleeve  was  rough  turued  only,  ou  the  ouUide,  except  for  a  distance  of 
aboot  1  inch,  at  the  end  next  the  tmnnion  rintr^  wbere  it  was  tamed 
down  aeoamtely  to  finished  dimeiiBions  for  shrinking. 

Wood  renmevR  for  tube. — Aftor  t1)0  tube  is  piei-ced  with  the  first  cnf- 
ter  previously  descrihe^l,  to  a  (liaun^terof  2.95  indias,  it  is  finish  bored 
up  to  it8  diameter  ui  o.ii  iuciies  with  wood  reumens.  Three  different 
aixes  of  these  were  need,  two  for  the  intermediate  cots,  and  one  for  the 
flaishing  or  polishing.  These  reamers  are  similar  in  constraction, 
and  vary  only  in  dmirK'ter,  according  to  the  cut  they  have  to  make. 
Their  construction  and  cutrers  are  »hown  in  Figs.  5,  5a,  ub^  0,3,  and  4, 
Plate  VI.  a  a'  ( b  igs.  3  and  4)  is  a  liat  steel  forging,  terminatiug  at  a'  in  , 
a  fmatnm  of  a  oone  having  a  slot  through  which  a  key  passes  to  join 
it  to  its  boring  bar.  A  front  view  is  given  in  Pig.  0.  Two  bolt  holes 
are  drilled  thiongh  the  tlat  ])art  of  iho  reamer  b  {F\'^.  4),  and  tlirou^rh 
tln'se  pass  the  bolts  which  hold  the  two  picei-s  of  woml  c,  c  iti  ]>osilion 
On  the  sides  oi'  the  forging  at  d  twodovetaded  slots  are  planed  out^  and 
into  these  the  two  cutters  are  driven  tightly.  The  shape  of  the  oottere 
ie  shown  in  Figs.  5,  5a,  5b.  The  wood  is  generaUy  eberry,  thoronghiy 
saturated  with  oil,  and  after  being  t»olted  into  place  and  the  cutters 
driven  in,  the  reamer  is  centered  in  a  lathe,  and  cutters  and  wood  turned 
accurately  to  the  size  of  the  cut  to  be  made.  The  wood  tits  th«  bore 
very  tightly  and  forms  a  bearing  for  the  reamer,  the  steel  forging  not 
coming  in  oontact  with  the  metal.  A  groove  is  maiie  in  the  wootl,  in 
which  lies  the  oopper  tube,  wliich  runs  along  the  cutter  bar,  and  fur- 
nishes a  stream  of  oil  to  the  cutters,  as  explaine<l  in  Tisi«ig  the  piercing 
tool.    Thi«  «»'*oove  is  shown  at  e  (Fij^s.  4  and  6,  Plate  VI). 

Tha  boring  and  rijiiiitj  mavhine — Tlate  Vll  shows  three  different 
views  of  the  rifling  maehine  wbieh,  with  a  few  modiilcatfons,  was  need 
ibr  boring  with  the  wood  reamers.  This  machine,  iu  all  its  detailsy  was 
the  original  design  of  Mr.  H.  P.  Elwell,  draughtsman  at  this  arsenali 
and  has  worked  perfectly,  without  any  hitch  or  trouble  of  any  kind. 
The  uiaciiine  was  built  from  his  drawuig^)  without  any  clianges  or  nuid- 
ifleatioms  and  none  have  been  fonnd  necessary,  and  it  seems  to  be  all 
that  could  be  desired  for  the  purpose. 

For  boring,  the  niaehine  is  arranged  as  follows:  In  Fijr.  1,  Plate 
VII,  «,  a  arc  the  ways  of  the  lathe  previously  described  (the  two  shot 
lathes  joined  together),  b  (Figs.  1  and  2)  the  hea<istock,  c, 
a  IHotion  clnteh  with  its  polleys.  In  the  bonug  maobtne  this  clatch 
and  its  pidteys  are  not  used,  being  replaced  by  the  ordinary  speed 
cone;  d,  d  is  the  boring  bar,  or  bar  which  carries  the  wood  reamers. 
Tt  is  a  hollow  i)ipe,  2\  inches  outside*  diameter  and  1^  inches  inside, 
length  117  inches.  At  the  i  out  cn(i,  al  e  (Figs.  1  and  2),  a  slot  is  cut 
through  the  bar,  and  through  this  passes  a  key  which,  fitting  into  the 
corresponding  slot  in  the  woo<l  reamer,  keys  the  latter  into  its  place  on 
the  bar,  as  shown  in  Fig  2.  The  inside  of  the  bar  at  e  hss  a  taper  cor- 
responding]: with  that  on  the  wood  n-ninfr.  /  (Fips.  1  and  2)  is  the  tail- 
stock  ot  the  lathe  with  the  s]»iridh'  and  hand-wheel  removed,  and  a 
casting^/*  substituted  for  it,  containing  a  bearing,/*,  for  the  front 
part  of  the  Itoring  bar.  A  key-way  is  cut  along  the  boring  bar  its 
whole  length,  anda  key  inserted  in  the  bottom  of  the  front  bearing. 
This  prevents  the  boring  bar  from  taming  during  its  forward  motion. 
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This  front  bearing  is  fixed  as  near  tbe  muzrie  of  the  gan  as  possible, 

and  beld  firmly  by  ho\t», 

ff,  ff  (Fi<ia.  1  and  2)  !8  called  tbe  "  slidinjj  head."  It  is  made  of  cast 
irou,  and  iUs  general  sbnn*' is  sulliciontly  irnhrHted  in  the  ilrawing.  It 
slides  freely  along  tbe  wa^ks  of  the  lathe,  k  (Figs.  1  aad  J),  on  tbe 
front  part  of  the  sliding  head,  forms  the  rear  bearing  for  the  boring 
bar.  On  tbe  rear  end  of  the  boring  bar  an  iron  collar  is  sbruuk,  whose 
length  is  sufRcieiit  to  till  the  ppncf  between  flip  front  boaritif:  ft, 
and  the  rear  bearing  /i^  of  the  sliding;  liead.  In  tins  rear  bearin;;  h' 
of  the  sliding  head  rests  a  bronze  nnt,  m,  with  a  pitch  of  one-tenth  ui' 
an  Inch.  The  front  fruse  of  this  nnt  rests  against  tbe  rear  fim  of  flie 
collar  on  the  end  of  the  boring  bar,  bnt  oth(  I  ^^  is('  they  are  not  OOD* 
nected,  except  through  tlie  t^b(bng  bead,  n  is  the  boring-bar  screw,  or 
feed-screw.  This  screw  has  a  piteh  of  one-tenth  of  an  incli,  a  diameter 
'  of  1|  inches,  and  a  length  of  117^  inches.  It  is  tapered  at  the  end 
next  the  headstock  fr,  and  fits  into  the  corresponding  tapering  soelcetia 
the  lathe  spindle,  where  it  is  secured  by  a  pin,  and  from  this  lathe  spin- 
dle it  receives  its  motion.  It  then  rests  on  tln^  Viparing  at  o,  which  is 
8ini]>ly  a  sbding  rest,  following  the  motion  of  tlic  sliding-head  and 
serving  to  steady  the  sc  rew.  The  sliding  rest  and  sliding  head  are  con- 
nected by  the  bolt|;  (Fig.  The  bed  screw  n  then  passes  into  the 
bronze  nnt  in,  and  thence  into  the  interior  of  the  boring  bar  d. 

Action  of  the  machine  in  boring. — From  the  description  of  the  various 
parts,  their  action  is  evident.  The  gnn  being  secured  in  the  lathe,  in 
the  position  shown  in  Plate  I V^,  Fig.  I ,  and  the  reamer  keyed  to  itsi  bar  at 
e  (Plate  VII),  the  gun  is  maile  to  revolve,  motion  being  commnuicated 
to  the  cone  and  faoe  plate  to  which  it  is  bolted.  Then  the  speed  cone 
at  c,  c  is  set  in  motion.  The  feed  screw  n  being  seonred  to  tbe  qiindle 
of  this  cone,  revo!v<>s  with  it,  and  beinjr  fixed,  while  its  bronze  Tint  m  is 
movable,  this  nut  is  drivt  ii  forward.  This  nut  bears  "against  the  collar 
on  the  rear  end  of  boring  bar,  and  hence  the  boring  bar  and  the  sliding 
head  g  are  driven  forward.  Tbe  boring  bar  slides  through  its  fkont 
bearing  at/',  and  is  prevented  from  turning  by  the  key,  which  slides  in 
tbe  key- way  along  the  bar.  The  cutler  is  therefore  carried  forward,  and 
travels  dowii  tho  bore  while  the  gnn  revolves.  After  the  sliding  head  g 
has  moved  forward  the  length  of  the  boltjp  (Fig.  2),  the  nut  on  the  end 
of  tbe  bolt  conies  to  a  bearing  against  the  frx>nt  soriace  of  tbe  sliding 
head,  and  the  sliding  rest  o  is  tit*  n  i)ulled  along  at  this  disi  mee  fron 
the  sliding  head,  supporting  the  feed  screw  and  prevetitin-  \  ibrations.. 
A  constant  stream  of  oiluinsr  be  kept  flowing  against  the  cutter  through 
the  tui'e,  as  previously  explained. 

Boring  the  tube. — Two  cuts  were  made  with  the  reamers  before  shrink- 
ing, leaving  only  the  finishing  cat  to  be  mad(^  after  that  operation. 
The  object  was  to  remove  all  the  metal  possible  before  shrinkage,  so 
that  no  change  shonld  take  place  from  cutting  away  after  that  operation. 
The  iirst  cut  wa«  O.Ooo  inch  in  depth,  increasing  the  diameter  of  the 
tube  from  1.'.95  to  3  06  inches.  The  time  required  to  make  the  cut  was 
aboDt  ten  hoars.  After  the  first  cat  had  progressed  about  5  feet,  tbe 
rubber  tube  supplying  the  oil  burst,  anrl  \\w  cutter  broke,  and  also 
part  of  the  for«jing  of  the  reamer,  owing  to  lack  of  oil.  This,  Irowever, 
was  soon  remedied,  and  Ciiused  no  ilamage  to  the  tnbe.  No  farther 
trouble  of  any  kind  was  experienced  in  the  boring.  The  hecond  cut 
was  .045  inch  in  depth,  Increasing  the  diameter  of  tbe  tnbe  from  3.06  to 
inches,  and  required  about  uie  same  time.  This  left  .05  inch  to  be 
removed  in  finishing,  and  this  was  done  in  two  cuts  after  the  shrrnking. 
tbe  first  cut  taking  nearly  all  tbe  metal,  and  tbe  second  beiug  only  a 
polishing  cut  and  very  slight. 
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The  rifiimj  machine. — iMaii}'  of  tlie  parts  already  described  as  belonjj- 
iug  to  the  boring  macbiue  are  couiuiou  albo  to  the  ritliiig  uiachiiie.  It 
i«  shown  In  Plate  VII.  In  rifling  the  gun  it  is  necessary  to  give  a  mo* 
tion  of  rotiition  to  the  rifling  tool,  as  well  as  of  translation,  tbe  gon  be- 
ing bold  firmly,  and  this  motion  rotation  must  of  course  corres]><>T(d 
"wiib  tlic  twist  of  the  ritiiug;  in  tlic  present  instance.  on«^  turn  in  eiglit 
feet.  The  modifications  in  and  additions  to  the  buniig  uiachine,  are 
then  principally  for  tbe  purpose  of  obtaining  tliis  rifle  motion.  In  gen- 
eral this  arrangement  is  simply  a  niodification  of  the  screW'Ontting  gears 
which  arc  found  on  almost  every  lathe.  The  rifling  bar,  which  carries 
the  ritiin;:  tool,  is  shown  at  d,  d  (Figs.  1  and  2).  It  differs  in  dimenr 
sions  fnuii  tiie  boring  bar,  its  ouU^ide  diameter  being  2^  inches,  in.^ide 
1^  inches,  length  1U4  inobes.  Tbe  pipe  being  thin  a  wroaght-irou  plug 
is  welded  into  tbe  fh>nt  end,  and  bored  out  tapering  to  fit  the  corre> 
sponding  taper  on  the  rifling  head.  The  rifling  bar  fits  in  a  front  bear- 
ing at  6',  through  which  it  slides.  Figs,  1  and  2,  Plate  VIII,  show  the 
rear  end  of  the  rifling  bai*.  This  bar  rests  iu  its  bearing  in  the  nlidiug 
head  *  (Fig.  1,  Plate  VII),  at  A,  h  (Fig.  2,  Plate  VlII).  ft,  b  (Figs.  1 
and  2,  Plate  VIIl),  is  a  wronght-iron  oollar,  shrank  on  the  rear  end  of 
rifling  bar ;  a,  a  is  one  of  tlie  gears  on  the  rifling  bar,  shown  also  in  Figs. 
1  and  2,  Plate  VII.  r,  c  (Figs.  1  and  2,  Plate  VTII.  and  1  and  2,  Plate 
Vli),  is  a  cast-iron  dihk,  litted  to  the  wrought  nun  collar,  on  rifling  bar, 
as  shown  iu  Fig.  2,  Plate  VIII,  and  h^ld  securely  to  it  by  the  four  screws 
dfd^d,i  (Figs  1  and  2,  Plate  VIII).  It  has  also  24  taper  holes,  corre- 
sponding to  the  number  of  grooves  in  tbe  gun  X;,  1e  Fig.  1,  Plate  VIII. 
Through  the  gear-wheel  a  a  hole  is  drillfMl  (shown  at  ^,  Fit;.  2,  Plate 
VIII),  and  tapped,  and  in  this  hole  is  inserted  the  steel  buslntjg,  Fig.  4. 
The  outer  end  of  this  bushing  is  tapped,  and  the  screw-thread  cut  away. 
Figs.  4  and  4a,  forming  an  interrapted  screw-thread,  and  In  this  thread 
and  projecting  throogh  the  hole,  and  into  each  of  the  holes  of  the  cast- 
iron  disk  in  succession,  works  a  taper  steel  pin.  Figs.  3  and  3a,  with  an 
interrupted  thread  corresponding  to  that  in  the  bushing.  The  gear- 
wheel (I,  o  lurn.s  freely  on  the  rifling  bar,  and  communicates  no  motion 
to  the  latt er,  so  long  as  it  is  not  connected  with  the  casMron  disk.  Thia 
disk,  it  will  be  seen,  is  firmly  connected  with  the  rifling  bar  by  means 
of  the  four  screws  d,  d^  tlirou^ih  the  wronght  iron  (  ollar,  and  hence  it 
communicates  anv  motion  of  rotation  it  nuiy  receive  to  tlie  bar.  Kow, 
when  Ihe  tapering  steel  pin  is  iiiseited  through  its  bushing  iu  the  gear 
a  snd  Into  one  of  the  holes  of  the  dish  <^  and  locked  there  by  means  of 
its  screw  tbn>ad,  the  gear  and  cast  iron  disk  becf  me  locked  together 
tirndy,  and  any  motion  of  the  gear  will  be  eomnumic  att  d  to  the  disk  and 
rifling  bar,  and  they  will  all  revolve  together.  The  use  of  the  infi^r- 
rupted  thread  is  obvious.  By  giving  the  pin  one-fourth  of  a  turn,  llie 
threads  become  unlocked,  and  the  pin  may  be  drawn  out,  tbe  disk  and 
its  rifling  bar  and  catter  reTolved  one  twenty -fonrth  of  a  tnm,  till  the 
cutter  comes  opposite  the  next  groove  in  the  gun,  when  the  pin  is  re- 
placed, the  disk  and  gear  lock^  together,  and  the  machine  ready  to 
start  on  a  new  cut. 

This  gear  a,  with  its  disk  and  collar,  rests  in  the  space  between  the 
two  bearings  of  the  sliding  head,  as  shown  in  Figs.  1  and  2,  Plate  VII, 
the  front  fare  of  the  gear  bearing  against  the  rear  face  of  the  front 
beai  inu,  h.  In  the  rear  bearinf;  h  of  tlie  sliding  head  iu  the  bronze  rifling 
nut  m  through  wliich  passes  tlie  driving-screw  n.  This  nut  has  a  i)itch 
of  1  inch  for  its  thread.  Its  front  surface  bears  against  the  rear  face 
bf  b,  of  the  wrought-ifon  oollar  on  the  end  of  ihe  rifling  bar,  Figs  1  and  2, 
Plate  VII.  The  drlving-sorew  then  reats  in  the  sliding  bearing  o  (Figa. 
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1  and  3,  Plate  YIII),  wbteb  follows  the  BlUUng  head  and  Bappotts 
fbe  feed  Acreir,  as  explained  in  the  caw  of  the  lK)ring  machine.  The 

end  of  the  screw,  next  the  beadstock  tapers,  and  fits  a  corn  spondiiig 
taporinf!:  socket  in  tlio  lathe  s|)in(llo,  to  which  it  is  secured  b.v  5i  piu. 
Hence,  when  motion  is  communiculed  to  the  hitbe  spindle  the  sitrew 
turns  with  it.  The  screw  and  its  nut  are  left  handed;  c',  &  (Figs  I 
and  2,  Plate  VJI),  te  afHction  clutch,  which  i«  very  qaick  in  its  action, 
and  b.v  wliich  direct  and  reverse  motion  can  be  obtained.  The  chuch 
is  worked  by  an  arrangement  of  shipping  rods  and  Icv^t?!,  sliown  in 
Fig.  *i,  Plate  VII,  at  r,  r.  This  is  so  arranged  that  tlic  workman  may 
stand  at  tiie  muzzle  of  the  gun,  and  work  the  clutch  with  the  handle  r'. 
It  is  generally,,  however,  worked  antomatically,  by  two  stops  r"^  r"' 
(Fig.  2),  fastened  to  the  rod  r,  and  a  corresponding  projecting  8tlli|>t 
bolted  to  the  frgnt  of  tin*  sliding!  hond.  When  the  sliding  head  carry- 
ing the  cutter  refiches  tlie  end  of  its  travel,  the  strap  strikes  against 
the  front  stoj)  shitts  the  clutch,  and  stops  the  motion  of  the  cutter. 
On  its  retnm  down  the  bote,  when  theontter  hasdeaied  the  bore,  and 
reached  its  proper  position,  this  step  s  striltea  the  stop  r"',  an<l  again 
stops  The  motion  of  the  cnttor. 

On  the  outside  of  the  lathe  spindle  at  /,  /  (Fi^s.  1  and  2.  Plate  VII) 
is  keyed  a  small  pinion.  It  receives  its  motion  from  this  spindle,  turns 
with  it,  and  transmits  this  motion,  modified  and  rednced  by  means  of 
Uie  intermediate  gearing  shown  in  the  figure,  to  a  (Ecar  on  the  spline 
shaft.  Tiie  general  arrangement  of  this  geaiing  is  shown  in  Fig  3,  Plate 
VII.  It  is  In^ld  by  n  frann'  l>«»lt<'don  to  the  In-  nlsffM-k,  and  a  d*'tailed 
description  is  unnece  ssary.  Tins  spline  shaft  is  shown  at  m,  m  (Fig.  1)# 
It  rests  in  two  bearings,  one  bolted  to  the  tail  stock  at  n.  and  the  other 
to  the  headstock  at  nf  (Fig  1).  A  key-way  is  ent  alooic  the  shaft*  This 
shaft  passc»s  through  bearings  at  «  on  the  sliding  head,  and  carries  a 
pinion  at  f,  which  gears  i!»to  the  wheel  fl.  As  rliis  sliding  head  moves, 
carrying  with  it  the  ;;(*ar  «,  the  pinion  also  slidrs  along  iis  shaft  w,  m» 
The  other  gear  wheel  on  the  spline  shaft  is  shown  at  />  (Fig.  I).  The 
motion  which  is  oommnnicated  from  the  pinion  on  the  lathe  spindle  is 
carried  to  this  gear  whi*(>l  }>.  n  hich  causes  the  spline  shaft  to  rotate; 
this  motion  is  transnuited  by  tho  jiinion  f.  f<>  rltf  gear  wheel  a,  4nd  con- 
sequently to  the  ritling  bar.  A  table  oi  the  gear  is  given  in  drawinj^ 
Plate  VII,  aud  by  changing  one  gear  (iliat  marked  00  fieth)  foratiothejr 
of  the  proper  nnmber  of  teeth,  any  uniform  twist  can  be  obtained.  The 
bar  makes  one  turn  to  ninety -sis  turns  of  the  spindle,  the  Telooitj  ratio 
btM  Tig  one  to'nintey-siXf  and  giving  the  required  twist  of  one  torn  in  96 
intdies. 

The  rijiing  tml — This  is  shown  keyed  into  the  rifling  bar  in  Fig.  2, 
Plate  VI  i,  and  its  details  are  shown  in  Plate  IX,  with  a  section  Plals 
YIIJ,  Fig.  5.  It  was  designed  by  Mr.  H.  P.  Elwell,  also,  and  mails 
from  drawings  furnislnMl  by  him,  and  has  worked  perfectly.  A  general 
view  of  the  tool  is  given  in  Fig.  1,  Plate  IX.  The  heiid  a  is  a  solid 
forging  of  low  steel,  ending  in  a  taper  ft,  corrt  spontling  to  that  in  I  he 
front  end  of  rifling  bar,  and  having  a  slot  h'  for  the  key  by  which  it  is 
f^tened  to  the  bar.  On  the  exterior  the  slots  c,  e  are  planed  out,  and 
pieces  of  bronze  dovetailed  into'thetn,  forming  bearings  which  rest 
against  the  hor**,  and  y>revent  the  rontacr  of  the  stcrl  h^vxl.  Fig.  2, 
Plate  IX,  gives  a  front  view  of  the  rilling  \wm\,  with  its  bronze  lirar- 
iugs.  On  the  interior  tiie  head  is  broached  out  to  the  point  a  (Fig.  5.  IMaie 
Till),  of  such  a  shape  as  to  receive  a  sliding  ]>in,  shown  at  fr<Fig.  5| 
Plate  VIII),  and  in  section  at  a  (Fig.  3,  Plate  IX).  From  this  poinltf 
(Fig.  6^  Ph^  VliX)  to  the  bottom  d  (Fig.  1,  Plate  IX),  the  hole  is 
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lindricnl  in  shape,  and  forms  a  bearing  fur  the  end  1/  (Fig.  5»  Plate 
YIII)  of  this  pin,  which  slides  in  it.  The  firont  bearing  of  this  pin  is 
shown  in  section  (Fig.  5,  Plate  VIII).  It  has  first  a  screw-thread  cut 
on  it,  c,  and  on  this  is  serowed  a  long  nut,  d.  This  nut  is  of  steel,  nnd 
sliding  in  a  bronzp  beariii*;,  e.  forms  the  outer  bpariiiLT  of  the  pin.  This 
bronze  bearing  i8  screwed  to  the  Iront  of  the  rifling  hiiul  with  the  screws 
€y  e  (Fig.  2,  Plate  IX).  On  each  side  of  this  sliding  pin  is  an  incHned 
groove,  shown  at  /  (Fig.  5,  Plate  VIII).  Across  the  face  of  the  steel 
rifling  head  is  planed  a  dovetailed  slot,  <f,  d  (Fig.  2,  Plate  IX),  and  in 
tlii^  slot  tits  a  slidinir  ]>iece  (Fig.  3,  Plate  IX).  In  the  niifldle  of  this 
siiiliiig  piec^  i"?  a  iioie,  a  (Fig.  3,  Plate  IX),  of  the  exact  siiape  of  the 
sliding  pin,  and  through  this  hole  the  pin  passes.  Two  little  projec- 
tions, hf  fit  into  the  inclined  grooves  on  tbe  sides  of  tbe  sliding  |iin. 
At  the  upiier  end  of  this  sliding  piece  is  a  socket,  e,  in\t\\  a  threaded 
hole.  The  cutter  is  fixed  in  this  socket  witli  a  screw.  The  cutter  is 
shown  in  Figs.  4  and  4^/,  and  in  po>itioii  nt  k  (Fi«r.  2,  Plnte  IX).  All 
the  parts  are  made  of  8ieel,.except  the  brouiic  bciiriugs  c,  c,  lor  the 
rifling  bead,  and  the  bearing  for  the  slid  nig  jiin  e  (Figs.  1  and  2, 
Plate  IX).  An  inclined  hole,  (Fig.  2,  Plate  IX),  throagh  a  lagoa 
the  front  ]Kirt  nf  tlie  bronze  bearin^r  0  admits  the  passage  of  tho  COp> 
per  tube  supplyiuf;  od  to  the  cutter. 

Action  of  the  rifling  t*>oL — The  rifiing  head  being  keyed  in  {>ositiou  in 
its  bar,  as  shown  in  Fig.  2.  Plate  YII,  and  the  eatter  (Fig.  2,  Plate 
IX)  being  fiftstened  in  its  ^%•K;ket  by  the  screw  »,  tbe  nnt  A  (Fig.  G,  Plate 
Vlil)  is  drawn  forward  till  its  head  at  (j  (same  fijruro)  re^ts  against 
the  shoulder  of  the  front  bearing  e.  By  tiiis  motiott  tlie  pin  h.  7/  is  also 
drawn  forward,  and  the  lugs  h  6  (Fig.  3,  Plate  IX),  of  the  siuimi;  t>iece, 
move  in  the  grooves  in  tbe  sides  of  the  pin,  and  cause  this  sliding  piece 
and  its  cutter  to  rise  into  the  position  shown  in  Fig.  2,* Plate  IX.  If 
the  cutter  does  not  i)roi(  ct  enough,  it  is  raised  by  turning  the  nnt  ^1 
(Fig.  5,  Plate'  VIII),  l»y  which  movement  of  the  nut  the  slidin-;  pin  is 
allowed  to  move  larllicr  forward,. and  consequently  the  sliding  piece 
and  its  cutter  are  raised  higher.  In  this  manner  the  cutter  may  be  set 
for  a  ent  of  any  depth.  This  being  done,  the  eotter  is  driven  forward 
along  the  groove  in  the  gun,  the  forwanl  nut  d  resting  with  its  shoulder 
{J  vFij^".  PI;ite  VIII)  a;;ainst  the  corresponding  shoulder  on  the  fn)nt 
Waring;  c  till  it  feaiMies  the  end  of  its  cut  at  the  bottom  of  the  boi'e. 
When  it  reaches  this  point  the  forward  cud  )m  of  the  sliding  piu  (Pig.  5, 
Plate  IX),  strikes  against  a  projecting  pipe,  working  on  a  spring,  which 
Is  inserted  in  the  axis  of  the  tobe  at  tbe  rear,  and  the  sliding  pin  is 
pnsiied  hack  in  its  bear  iTi'j:^,  carrying  its  nut  d  along  with  it  fthis  tint 
sbMin;,^  tVetdy  in  its  heainif^;  f),  until  the  Klionlder  on  the  piu  comes 
against  the  shonlder  a  (Fig.  o)  in  its  recess,  liy  this  motion  the  slid* 
ing  pieee n  (Fig.  ,  with  its  cutter, is  drawn  in,  moving  at  right  angles 
to  tbe  motion  of  the  pin.  The  motion  of  the  rifling  machine  is  then  re* 
versed,  and  the  rifiinf;  bar  and  cutter  withdrawn.  When  the  cutter  is 
drawn  out  of  the  bore  the  sliding  pin  is  pushed  forward  by  hand  till  its 
nut  again  rests  in  position  against  the  shoulder  when  the  cutter  is 
again  in  position  to  move  forward. 

Actum  of  the  rijlinif  maekine. — Heferring  to  Plate  VII,  Fig.  2,  suppose 
the  rifling  bar  and  cutter  to  be  in  the  i)ositi(m  there  indicated  ;  at  a?,  » 
is  shown  a  small  copper  tube  passing  through  the  inclined  hole  in  the 
front  bronze  bearing  of  the  rifiing  head.  This  tube  is  liatttiu  d  at  its 
fh»Dt  end  into  the  shape  of  the  orifice  of  a  gas  burner,  and  projects 
near  the  cutter.  To  the  other  end  is  attached  a  rubber  tnbe,  and 
throagh  this  tube  a  constant  supply  of  oil  is  forced  with  the  the  hand- 
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pump  before  discribed.  This  oil  issues  from  the  tube,  and  against  the 
oatter,  in  a  tbin  flat  stream.  The  mbber  tube  is  fed  in  at  the  rear  of 
the  gun,  and  is  pushed  before  tbe  cutter  as  ittrarels  down  the  bore,  aad 

pulled  after  it  as  the  cutter  is  withdrawn. 

The  workman,  standing  at  the  cutter,  starts  the  riflinp:  machine,  nsing 
the  handle  r*  (Fig.  2,  Plate  VII.)  Motion  bt?iu^j:  coinuiunicated  lo  the 
screw,  it  turns  in  its  nut,  driving  the  sliding  head  forward,  and  carrying 
with  it  the  rifling  bar  and  its  cutter.  At  the  same  time  the  motion  is 
transmitted  to  the  spline  shaft  by  the  gearing,  as  before  explained,  and 
the  pinion  t  (Fig.  1),  sliditijr  on  its  shaft  and  gearhip:  into  fjivps  the 
proi)er  rotary  motion  to  litiiii}:  bar  and  c'ntt<M-.  At  tlie  emi  of  the  cut 
tbe  piu  in  the  rilling  head  bliike8  thi's  pruj^cting  pipe  and  the  cutter  is 
drawn  hack,  and  at  the  same  instant  tbe  strap  s  on  the  sliding  head 
strilces  the  stop  t"  on  the  shipping  rod  the  clateh  is  thrown  ofl^  and 
the  forward  movement  of  the  v  t1iTi<^  head  stops.  The  w«»rkman  then 
thrown  the  clutch  into  action  on  the  oj)i)osit(*  pnlly,  the  MH>iio!i  is  re- 
versed, and  the  screw  revolves  iu  the  opposite  direction,  diuwing  out 
the  cotter.  When  the  entter  has  reached  it-s  proper  position  and  cleared 
the  bore,  tbe  stop  on  the  sliding  head  strikes  the  stop  r"'  on  the  ship- 
ping rod,  throws  out  the  clutch,  and  stops  the  motion  of  the  riffing:  head. 
The  pin  c  (Fi^j.  2,  Pinto  VIII),  which  unites  the  cast  iron  disk  c  and 
the  gear  a,  is  then  withdrawn  ^  the  disk,  and  with  it  the  ritliug  bar  and 
cotter,  revolved  one  twenty-fourth  of  a  tnrn  till  the  next  one  of  the  boles 

k  (Fig.  1,  Plate  VIll)  comes  opposite  the  hole  e  in  the  gear,  when  the 
pin  i>  nixain  inserted  and  locked.  During'  this  movement  of  the  rifling 
bar  and  disk  the  gear  a  will  not  turn,  as  it  is  held  by  its  connection 
with  the  other  gears.  This  movement  ot  the  cutter  briugs  it  opposite 
the  next  groove  in  the  gon.  The  slidiug  pin  in  the  rifling  head  is  then 
pnshed  forward,  which  raises  the  cotter  to  its  proper  position,  and  then 
the  machine  is  ready  for  starting  aixain. 

This  is  continued  till  the  cutter  lins  traveled  down  the  24  jrroves, 
taking  a  chip  of  the  same  thickness  Iroui  each.  The  cutter  is  then  set 
out  by  its  nut  d  (Fig.  5,  Plate  VIII)  for  a  uew  cut  in  each  of  the  24 
groves,  as  explained.  The  cotter  travels  about  6  feet  per  mionte, 
measured  along  the  axis  of  the  tube.  Time  required  to  rifle  ^un  five 
days  of  eight  hours  <>;u  h,  one  man  and  a  boy  being  employecL  The 
depth  of  the  grooves  w  as  0.05  inch. 

TooU  /or  boring  jiowder  chamber,  and  turning  ovtside  of  ja<^kei. — The 
shapes  of  tbe  powder  chamber  and  Jachet  have  already  been  shown,  tbe 
former  being  a  frustum  of  an  ellipsoid,  and  tbe  latter  a  llgnre  closely 
resembling  it.  Fur  boring  the  powder  cnamlier  the  apparatuH  Rhown  in 
Plate  X  was  used,  a  (Fif?s.  1  aud  2)  represents  the  tube,  b  a  casting 
accurately  bored  out  to  lit  the  bar  c.  Thisutstiug  is  )  olted  to  tbe  tool- 
post  of  the  lathe,  as  shown,  and  is  cot  open  lougitodinally  at  the  top, 
and  held  together  or  tightened  with  two  screw-bolts,  d  d.  Oti  looaen- 
ing  these  bolts  the  bar  c  eim  I  r  drawn  out  of  the  holder,  or  moved 
to  any  i)Osition,  and  clamped  hrmly  by  serewino-  np  the  bolts.  An  end 
view  is  given  in  Fig.  5.  The  bar  is  sinipiy  a  rouuti  steel  bar,  with  a 
slot,  e,  at  the  forward  end,  carrying  a  cntting  tool*  Two  cast-iron  pieees, 
ff,  g  (Fi^.  1),  are  laid  across  the  ways  of  the  lathe  and  boiled  securely 
in  position.  On  these,  and  bolted  to  tliem,  is  a  piece  of  cast-iron,  h, 
passing  over  the  top  of  the  lathe  slide,  and  so  arranged  that  the  slide 
may  tmvel  li  eely  along  the  ways  and  clear  it.  At  A;  is  a  steel  former, 
of  the  exact  shape  and  dimensions  of  the  powder  chamber,  screwed  to 
tbe  esst-iron  piece  h  k» 
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la  Fig8  3  aiid  4  is  showu  au  urraugeiiieut  which  is  bolted  to  the  side 
of  the  tool-post  at  m.  Tbfo  amngetnetit  oonsists  of  a  piece,  a,  a  (Figa. 

3  and  4),  shaped  as  represeuted,  atul  having  at  h  an  obloait  hole.  In 
this  liolc  is  a  cylindrical  pin  of  steel,  c  (Ki};.  4),  tcrniinatinp:  nndornoath 
ill  a  kuife-eiige,  which  bears  against  the  steel  former  k  and  travels 
along  it,  and  above  in  a  screw-thread,  to  which  a  nut  is  iitted.  Under 
this  out,  and  passing  over  the  pin  is  a  lug,  to  which  a  wire  rope,  a 
(Fi|r«  5),  in  attached.  Throogh  ooe  side  of  the  oblong  hole  a  set  screw 
works,  €  (Fig.  4).  This  set  screw  rests  against  the  cvliinlrical  steel  ]nn, 
and  moves  the  cntter  and  its  bar  forward,  when  the  nut  m  is  slightly 
slackened.  2;  (Fig.  5)  is  a  small  casting  bolted  to  the  lathe-slide  and 
carry  ing  a  small  pulley,  over  which  the  wire  rope  a  passes.  A  weighty 
^  is  attached  to  the  other  end  of  this  rope. 

AciUm  of  the  apparatUB^The  tool  being  arranged  as  shown  in  Figs. 
1  and  2,  and  the  trntisvei-se  feed-screw  of  tlif'  lathe  removed,  the  tn1><> 
is  made  to  revolve  lu  its  bearings,  and  the  lat lie-slide,  driven  by  Uie 
lead  screw,  movcii  forward.  The  tool-post  of  the  lathe  being  tree  to 
slide  transTersely,  the  weight  <f,  attached  to  the  wire  rope  a  (Fig.  5), 
acts  on  the  lug  to  which  the  rope  is  attached  at  its  other  end,  and  iieeps 
tlie  steel  knife-edge  c  (Fig.  4)  constantly  pressed  airinnst  the  forriier  I* 
(Fig.  1).  The  tool  e  being  rigidly  connected  with  this  knift-edge,  as 
beture  showu,  is  forced  to  describe  a  curve  of  the  same  shape  as  the 
former.  After  a  ent  is  made  and  the  tool  withdrawn  the  cntter  Is  fed 
forward  by  slightly  slacking  the  nut  m  (Fig.  4)  and  turning  the  set  aorew 
b  (Fig.  3),  which  acts  against  the  steel  pin  c  (Fig.  4),  and  moves  the 
bar  and  its  cutter  ont. 

This  same  aiTaugement  was  used  for  turning  the  onUide  of  the  jacket| 
a  former  of  the  ))ro])er  shape  being  used,  and  a  tool  in  an  ordinal^  tool 
rest  being  substituted  for  tin;  bar  c.  It  was  found  in  boring  the  pow- 
der  chamber,  when  making  tlie  first  cuts,  tliat  there  was  some  vibration 
of  the  bar  and  trtter,  owing  to  the  distance  of  the  cnlter  Ironi  its  holder, 
but  in  the  hnishmg  cuts  no  trouble  was  exi>erieiiccd  from  this  source. 

Operaiiana  preceding  $hrin}cing.—A\l  the  plant  above  described,  to- 
gether with  toe  apparatus  used  in  shrinking,  and  to  lie  described  further 
on,  was  comjdeted  before  shrinking,  and  the  work  done  on  the  gun  was 
as  foHows  :  The  tnbe  was  ]»ierce(l  with  the  hog  nosed  tool,  and  bored  up 
to  a  diameter  ol  3.15,  making  two  cuts  with  the  wood  reamers;  the 
powder  chamber  was  rough- bored,  leaving  a  finishing-cut  only  to  be 
taken  after  shrinkage ;  the  tube  on  the  outside  was  tnme<l  down  to  di- 
mensionsfor  the  reception  of  the  jacket,  trunnion-ring,  and  sleeve;  the 
screw-thread  was  cut  for  the  key  ring;  from  the  en<l  ot  the  key-ring  to 
the  muzzle,  the  tube  wan  rough-turned,  leaving  as  much  metal  as  pos- 
sible to  insure  stiffness  in  the  subsequent  turning.  The  jacket  was 
finished  inside  to  dimensions  and  the  shoulder  tnrned  on  its  forward 
end;  on  the  outside  the  jacket  was  left  cylindrical  in  sba|>e,  and  of  a 
diameter  a  little  greater  than  its  mnximnm  *'\tcrior  diameter  when  fln- 
isiied.  The  object  of  this  was  to  leave  the  metal  as  nnilbnn  in  thick- 
ne88  a8  possible,  so  that  when  heated  for  shrinking  unequal  expansions 
and  contractions  would  be  avoided.  It  was  also  hoped  that,  by  ha%iog 
this  uniform  thickness  of  metal,  the  ebancea  of  cooling  before  the  tube 
wa.s  in  |>Iace  would  be  les««ened. 

The  trunnion-ring  was  finished  to  dimensions  throughout  before 
shrinkage,  except  the  corners  of  the  metal,  which  could  not  be  reached 
with  the  lathe  or  planer.   These  were  chipped  and  filed  after  shrinkage.* 

*Tiiu«  required  to  tiumh  iruuutuu-riug  tweuty  duys  of  eight  buurs  each,  oue  toan 
heiag  «mplox«d. 
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The  sleeve  was  finislifd  inside  to  flimpnsinTis.  On  the  ontBide,  as  be- 
fore Ktnted,  it  was  timuMl  to  diinni  n  ns  (mly  for  about  1  inch  from  the 
flout  ot  truuuion  riug.  The  rejnainiu^  poriiuu  ot  the  ext4Tior  was  rough- 
tomed  to  a  ooifonn  diameter.  The  key  rmg  was  llntslied  on  the  iiito- 
ijor,  and  Us  aerew  thread  cut,  aud  lon^^h  tnriK'd  on  the  ontoide.  Aft^r 
tlie  parts  wen^  finished  aud  ready  for  shiinkini;  they  were  eaiefuUy 
nieiuiured.   The  measurements  are  given  in  table  No.  1. 

lu  making  the  exterior  measuremeutM  and  in  turning  thv  itaiU  of  the 
tube  snap  gauges  were  used^  whieh  were  carefaUy  set  by  mmns  <»f 
pointed  steel  wirea.  These  wires  were  fii  Bt  aoenrately  measnred  with 
the  vernier  calipers,  n  rnVtl>er  tube  beinj;  drawn  over  them  (the  wires) 
to  prevent  expaiiNioii  bv  the  heat  of  the  hand.    lM>r  int<  ii<»T-  nieasnr*?- 
luents  steel  wires  were  used,  made  aud  protected  in  iho  siiUic  way.  For 
making  jnteri<n*  meaanrements,  where  the  diameters  Taried  alightlj,  a 
piece  of  hard  wood  wa*t  used.   Two  wood  sere  ws  were  inserted  in  this, 
one  at  each  end,  ;nid  their  btsuls  tiled  off  and  j)ointe<l.    This  wood,  with 
its  screws,  wis  itiseTte<l  in  the  bore  of  jacket,  &c.,  aud  the  screws  irrad;!- 
ally  turned  out  liii  contact  was  made  between  the  points  of  the  screws 
aud  the  metal,  oue  of  the  screws  beiug  held  iu  a  fixed  position  and  the 
other  moved  by  the  hand  flrat  in  a  plane  perpendienlar  to  the  axis  of 
the  l>ore  and  then  at  right  angles  to  this  plane  till  eoutact  was  made. 
The  re^ultinji  lerij^tli  was  then  read  off  on  the  vernier  calipers.    TIm-  pre- 
scribed shrinkage  was  .0015  inch  per  inch  of  diameter.    To  giv*;  the  pi<j- 
Bcribed  shrinkage  the  jacket  trunnion-ring  aud  sleeve  were  bored  accu- 
rately to  dimensions,  and  the  oorrespondtng  parts  of  the  tnbe  were  tamed 
to  this  di;iineter  plus  the  shrinkage.   For  instance,  the  diameter  of  the 
interior  of  the  jacket,  from  the  rear  end  to  the  shoulder  on  the  tui>e,  was 
6  inches.    The  diameter  of  the  corresponding  [)ortion  of  tlie  tuln?  was 
6.0-1- 0.0  X  .0010  =  0.009  inches,  and  in  a  similar  nianiicr  the  other  di- 
mensiona  for  the  exterior  ef  the  tnbe  were  obtained. 

Form  of  ohovlder  on  trunnk^n  rimj  and  jacket. — Plate  XI,  Fig.  5,  showa 
the  form  of  this  shoulder  as  originally  designed,  ami  Fi«r.  5  a  shows 
the  form  of  shoulder  as  dually  adopted  and  used.  The  tirst  tbrm  (big. 
6)  was  abandoned  on  account  of  the  mechauicul  difficulty  of  nmkiug  a 
tight  joint  in  shrinking.  The  second  form,  a  straight  taper^  was  aug- 
gested  by  the  eoinmandtngotBcerand  approved  by  the  Ordnance  Board* 
The  dei>th  of  the  shoulder  was  not  ^^iveii  in  tlie  drawinjj,  as  no  t<'st3 
had  been  made  of  the  metal.  Inonler  to  determine  thisdeptli  of  shoulder, 
or  the  dilference  between  the  radii  aud  y  (Fig.  5a,  Plate  Xi),  at  the 
front  and  rear  of  the  sfaonlder,  a  specimen  waa  taken  from  the  metal  of 
the  jacket,  and  this  was  used  because  there  was  no  specimen  from  the 
trnnnion  ring  available.  As  will  be  seen,  the  radius  y  of  the  front  of 
the  shoulder  is  rrrcnter  than  t',  the  radius  of  the  rear  part.  The  jacket 
is  first  shrunk  on  and  then  the  trunnion-ring,  and  in  this  operation  it 
is  necessary  for  the  part  of  the  tmuDiou  riDg  whose  radius  is  jt,  and 
whieh  la  smaller  than  to  slip  over  y.  The  trannion-ring  being  heated 
for  this  purpose,  when  it  has  expanded  to  its  proper  diineDsions  fbr 
shrinking  on  the  tnbe  the  part  of  the  shoulder  whose  radius  is  x  mn^t, 
also  have  e.\i)ande«l  sulhciently  to  slip  over  and  without  npiilyiug 
fiuiiicient  heat  to  cause  a  permanent  set  in  the  metal,  it  was  fuund  as 
a  result  of  tests  in  the  testing  machine  that  the  metal  of  the  tmnnfon* 
ring  extended  more  at  its  elastic  limit  than  that  of  the  jacket,  and  it 
wns  thought  that  any  results  of  lieating  obtaiiiefl  for  the  metal  of  the 
jacket  would  be  true  also  for  that  of  the  trunnion  ring.  Nothing  was 
known  about  the  action  of  the  m(>tal  under  heat,  and  it  wua  Lhere£ore 
the  object  to  decide  the  fbllowing  points : 
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1.  Tbe  ezpaimioti  of  the  metal  per  unit  of  length  (which  is  the  ^&qi^ 
as  thai  per  unit  of  cirbamfereooe)  at  diffisreot  temiienitorM. 

2.  Tbe  de^e  of  heat  raqnirod  to  prodace  a  permanent  aet  in  the 

metal  on  cooling. 

The  specinHM)  of  tlip  jacket  before  mentioned  was  a  small  rectaufjiilar 
prism,  whose  ill meutsious  were:  length,  3Aii6  inches ;  height,  1  inch; 
width,  ^  inch. 

It  waa  aecumtely  meaaored  alter  each  heat  with  the  vernier  ealipera* 

1.  It  was  first  heated  to  a  Strong  bhick  heat  and  its  h'n|:rth  measured, 
and  fonnd  to  be  3.40(5  inches.  Tlie  totnl  expnnsinn  at  this  tein]ier:iture 
was  then  AAW)  —  3.4(i8=.()28.  It  was  then  cooled  down  Hiid  iiieasiircd, 
and  found  to  be  3.468  inches,  its  original  length.  llencCf  theio  was  no 
permanent  set  at  this  temperatnre. 

2.  It  u  as  then  heated  to  a  blood  red  beat  and  measured,  length,  3.502 
fnches;  total  expansion  at  this  tcniiMTatnn',  .''..502 —  3.468  =r.().">4  inch. 
It  was  then  cofiled  down  and  asiued,  and  found  to  have  letuincd  to 
its  original  length.  Hence,  there  wa6  no  perniuueul  set  at  this  tem- 
peratnre. 

3.  It  was  then  heated  to  a  cherry  red  and  cooled « and  its  length  when 
cold  was  3.470.    llcTice,  its  permanent  set  at  this  temperataie  waa 

3.470-3.468=. oil  inch. 

These  exjieriments  are  not  claimed  to  be  accurate,  as  there  was  no 
means  of  determining  the  exact  temperature,  but  they  gave  an  tndiea- 
tion  of  the  behavior  of  the  metal  under  heat,  and  showed  to  what  point 

it  conhl  be  heated  without  injury  in  the  shiinkinjr. 

As  the  black  licat  was  the  one  intended  to  be  used,  its  results  were 
taken  as  a  basis  in  calculating  the  shoulder.   The  expansion  per  unit 

of  length  at  a  blade  heat  is  ^5g»*00807  inoh.   Now,if  wesnpposetfae 

two  sorfaces  of  contact  to  be  cylinders,  and  that  this  surface  of  contact 
is  midway  between  the  inner  and  outer  surfaces  of  the  jacket  at  the 
forward  end,  we  shall  have  the  diameter  of  this  suil'ace  of  contact 
equal  to  the  exterior  iliameter  of  the  tube  at  this  point  plus  one  half 
the  thickness  of  the  metal  of  the  jaclcet  or  eqoal  to  5.6  +  .96  ss  6.S5 
inches.  Under  this  supposition,  if  the  metal  of  the  trunni(m-ring  be 
expanded  at  a  black  heat,  this  diameter  will  become  Vifto  -j-  6.55  x 
.008C»7= 6.6028  inches,  and  the  total  expansion  will  be  6.U028~6.d5as 

0*»'*8 

.0528  inches,  or  for  the  radius  — ^'^^Ls.osei.inches.  That  ia^  the  trun- 
nion-ring being  so  expanded  will  just  pass  over  a  ring  whose  diameter 

is  6.6028  inches*  This  will  then  be  the  difference  of  radii  between  the 

forward  and  rear  ends  of  the  shoulder,  neplectin^  shrinkafre,  and  the 
shouhler  will  taper  from  front  to  rear  (from  y  to  on  the  jacket)  .0264 
inch  in  a  distance  of  1.25  inches.    Now  before  expiinsion  the  radius  of 

6  55 

the  part  x  ou  the  truuuiuu  riug  is  ^ — >s  3.275.    After  expansion  at 

a  black  heat  it  beoomes  3.275  +  .0264  as  3.3014  inches,  and  when  thoa 

expand!  (1  it  must  pass  over  the  part  y  on  the  jacket.  Ilence  y  must 
have  a  radius  t)f  3.3014  inches.    The  radius  of  x  is  3.275  inches. 

This  does  not  allow  for  any  shrinkage  between  the  surfaces  of  contact, 
as  in  cooling  the  parts  come  back  to  their  original  size,  and  x  and  woald 
have  the  same  radius,  and  also  y  and  y'.  To  give  the  proper  shrinlLagey 
since  X  and  y  are  fixed  by  the  conditions  ^riven,  the  shrinkafre  most  be 
obtained  by  increasing  a'  :nid  decreasing  //  the  ])roi)er  amount. 

The  radius  of  j?  is  3.275  inches,  the  shrinkage  is  .0015  inch  per  inch  of 
diameter;  heuce,  3.275  +  3^5  x  .0015  s  3.2709  inches  for  the  radius 
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The  radios  of  y  ia  3^14  inches ;  hence,  3^14  —  3.3014  x  .0015  =s 
3.206448  inches  for  the  radios  y'. 
H«ooe  the  depth  of  the  shoulder  will  be  on  tranDion-ritig — 

lla<l  1/  =  3.296448 
Bad  g  as  3.275 

U.US£i448  shoulder 

Ou  jacket — 

Bad  y  s  3.3014 
Badds^g  3.2700 

0.0215  shoolder 

A  depth  of  .02  inch  was  adopted  for  each  shonlddt,  and  when  shrunk 

together  no  difficuIt.T  was  experienced,  and  a  perfect  joint  was  formed  as 
far  ns  could  be  observed.    The  joint  between  the  forwnnl  end  of  trnn 
nion-ririir  and  tlie  sleeve  was  without  an,v  hook  or  siiuulder,  the  euds 
abuttmg  a^aiubt  each  other  aud  makiug  a  square  joiut. 

AFPABATUS  TJBBD  IN  SHBINXINO  THB  PABT8  TOOBTHSB. 

The  different  parls  of  thi8  apparatus  are  shown  in  Plate  XII.  Fig.  1 
is  A  casti  1 1  s  howD  In  cross-section  in  la.  It  rests  on  two  T-  rails,  shown 
at  a  a.   It  IB  bored  out  at  b  for  the  tube  to  drop  throagh.   c  e  are  Ings. 

which  are  bored  out  concentric  with  the  hole  h,  and  of  a  diameter  equal 
to  tbat"  of  the  exterior  of  the  jacket.  A  east  iron  rin^'  (Figs.  2  and  2A.) 
fits  against  the  surface  h  s  (Figs.  I  and  la),  and  on  it  the  jacket  restSy 
shoulder  down,  when  heated  for  shrinlcing.  Plate  XIII  shows  the  jacket 
in  the  position  described,  d  d  (Fig.  1,  Plate  XII)  are  boles  in  the 
logs  of  the  casting,  through  which  pass  the  jointed  bolts,  one  of  which 
is  shown  in  Fi^r.  4.  Figs.  3  and  3a  is  a  e;»stiTirr  which  rpsts  on  the  rear 
end  of  tiie  tube  wlien  it  is  swnng  iuto  p(»siin»n  for  drojiping  through 
jacket,  trunnion-ring,  and  sleeve,  d  d  are  holes  for  the  screw-bolts, 
shown  in  Fig.  4 ;  5  is  bored  oat  for  the  'Tec«'ption  of  a  cast-iron  plug, 
shown  in  Plate  XIII  at  a.  This  cast-iron  plug  enters  the  bole  b  suffi- 
ciently to  be  centered,  and  at  the  other  end  it  ent«Ms  the  tube  for  a  short 
di.stance.  The  exterior  diameter  of  tliis  plug  is  such  that  it  will  enter 
freely  the  rear  of  the  jacket  and  force  the  tube  iuto  place  against  the 
shoulder  on  the  jacket.  This  position  is  shown  at  a  (Plate  XIV ).  The 
interior  of  the  plug  is  hollow,  to  allow  the  passage  of  the  wrooglit- iron 
rod^(Phite  XIIIl.  Flu',  t.  I*iateXlI,isa  j«»inr«'d  boltof  wroiiglft  iron. two 
of  them  beini^used  in  ilu- shi  inkifjg.  The  upper  joint  has  a  screw  thrrad 
cut  on  it,  and  a  nut  resting  against  the  upi>ersuiface  of  the  hole^  d  d  m 
the  casting  Figs.  3  and  3a.  The  two  sections  of  the  bolt  are  joined 
together  with  heavy  iron  ])ins  at  a.  Fig.  4,  which  can  be  readily  remov^, 
and  the  rods  diseoTinectcd  at  this  point.  Fij^s.  6  and  5a  are  two  chan- 
nel barn,  each  having  two  hoh  s,  through  which  the  Iwlts,  Fi;:^.  4,  pai«s. 
The  i)08itiou  of  these  bars  is  show  n  at  c,  Plate  Xlll.  d,  Plate  XIU, 
is  a  fire- pot  nisde  of  boiler  iron,  in  two  sections,  so  that  the  to|i  ean  be 
removed  and  the  height  decreased  for  the  trunnion  ring  and  sleeve. 
Fill.  (I,  Plate  XII,  is  a  gas  collar,  used  lor  kec])ing  np  tlie  heat  after 
the  hre  is  r» moved,  and  Fig.  7  a  water  collar  used  lor  cooling  the  parts 
alter  they  are  in  jdace.  These  ariaugenients  were  suggested  by  Mr. 
John  Allen,  the  workman  in  charge,  and  the  jointed  screw-bolts,  which 
made  a  ti<iht  joint  possible,  by  Mr.  H.  P.  Elwell. 

Shrinking  the  parts. — The  jiarfs  havinj^-  been  finished,  as  before  de- 
scribed, and  :iccuiatei.v  measured,  and  thi*  tube  star-gauged,  the  ]iart8 
were  next  siuuuk  together.    This  was  done  iu  the  arseual  tbuudiy, 
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as  there  was  a  shrinltiT) ^  pit  there  and  otb^  GonyeoieiioeR.  The  chaMie 
of  alO>ineh  oarriaf^  was  stripped  of  I  f  s  t  ra  \ ct  sc,  wheels,  &c.,  and  placed 

across  the  top  of  tbe  pit,  as  sliown  in  I'l.-ift*  XIII  at  re.  Across  this  at 
right  anfjles  wi»re  laid  tho  T  rails  f/  which  were  held  to^^t-thcr  by  two 
cross-bolts.  On  these  T  rails  was  laid  the  casting,  as  showu  iu  Fiffs.  1 
and  Plate  XXL  Under  the  T  rails  were  placed  the  ehannel-bafs 
0  0,  Plate  Xin,and  througli  the  holes  in  theeeandthe  holes  in  the  luge 
of  the  castinj?,  Fig:.  1.  TMate  XII,  passed  the  lower  section  of  the  bolts 
ehowTi  at  I'  l\  PlatP  XI 1 1.  These  bolts  rested  on  the  shoulders  h  (Fig. 
4,  Plate  Xll).  which  bore  aprainst  the  ujiper  faces  of  the  casting,  and 
were  held  uuderueath  by  their  uuts  c  c  (Plate  XIII).  These  channel- 
bars  were  need,  as  it  was  feared  the  heat  might  crack  the  largD  casting. 
Fig.  1,  Plate  Xil.  Resting  on  the  T  rails  is  the  fire-pot  d  (PTat«  XIU). 
A  temporary  grate  was  rninh'  by  laying  iron  bars  arross  the  rails.  Tlu* 
jacket  was  placed  in  the  position  shown  in  Plate  Xill,  shoulder  dovvu, 
and  the  wood  (dry  pine)  piled  around  it  and  placed  inside  the  bore. 

A  long  wioagbt-iron  rod  was  passed  tbroagb  the  tnbe,  as  shown  In 
Plate  XIII,  having  a  hook  at  the  rear  end.  This  n  l  passed  through 
an  iron  washer  and  a  wooden  pliii:  at  the  tntizzle  and  through  a  wooden 
plug  at  the  breech.  Tl^e  cast  iron  plug  a  was  them  inserted  in  the 
breech,  and  at  the  other  end  into  its  recess  iu  the  cross-heiul  The 
threaded  sections  of  the  8orew<boltn  were  put  in  plaoe  as  shown. 

The  tube  was  sw nil by  a  traveling  crane  with  a  stop,  so  arranged 
that  the  tnbe  could  be  brought  vertically  over  its  jacket,  and  when  the 
latter  was  sufticiently  expanded  by  heat  the  tube  eoiihl  be  loweretl  rap- 
idly through  the  jacket  into  its  place.  The  length  of  the  screw-bolts 
was  so  arranged  that,  when  the  tnbe  dropped  into  its  place,  the^aws  1 1 
wouhl  be  in  the  proper  position  for  the  insertion  of  the  heavy  pin  join* 
ing  them  together.  It  will  he  seen  from  the  plate  that  tho  lower  sec- 
tions of- the  bolts  :i!<'  in  the  liie  ]M»t  and  snrrouuded  by  the  fuel,  and 
they,  of  course,  expand  as  they  become  lieated. 

When  the  jacket  or  other  part  has  been  expandwl  sufficiently,  the 
flre-pot  is  lifted  by  its  handles  and  thrown  oft',  the  fire  knocked  away, 
and  the  interior  of  thejacket,  &c.,  brushed  out  quickly,  to  clear  away  any 
aslip^  or  dirt  that  may  liave  aeenmulated.  Thr  tube  is  then  swung  round 
into  position  and  h»wereti  quickly,  the  plug  a  entering  the  interior  of  the 
jacket,  and  the  tube  coming  up  to  its  shoulder  under  the  action  of  its  own 
weight  and  that  of  ihe  cross-head  and  screw-bolts.  The  jaws  of  the 
screw-bolts  then  come  into  their  proper  ]>f»sitions,  and  the  pins  are  in- " 
serted,  holding'  the  sections  toirether.  Tii  sliriiikins'  on  tli*'  jacket  tliese 
screw-bolts  were  not  re(jnired,  as  the  weight  of  the  tnbeaiul  eros.s-head 
was  sufficient  to  bring  the  tube  up  to  a  shoulder.  A  mai  k  wa«  made  on 
the  tnbe  .05  inch  in  ftont  of  tbe  forward  end  of  the  Jacket  when  in  place, 
and  it  was  found  by  measnrin;:  from  this  mark  after  shrinkage  that  the 
shoulders  on  the  tube  and  jacket  were  in  their  exact  ]>osition. 

The  position  of  the  jacket  and  tni)e  )>efoT-e  shrinking  is  shown  in 
Plate  Xil  I.  Thejacket  having  been  expaudeii  .01  inch  beyoud  the  cor- 
responding dimensions  of  the  tnbe^  the  fire-pot  d  Is  removed,  asezplalnedi 
the  fire  knocked  away,  the  Jacket  cleaned  out,  and  the  tnbe,  having  been 
swung  round  into  the  position  shown,  is  lowered  quickly  into  place. 
Th<'  water  collar  having  been  i)revionRly  slijiped  over  the  jacket,  tho 
latter  is  allowed  to  cool  gradually,  and  iiually  the  water  is  turned  ou. 
The  time  required  to  heat  thejacket  to  the  i)ro[)er  degree  of  expansion 
was  one  honr  and  two  minutes.  Nfeasnring  screws  attached  to  a  wood 
handle,  as  previoQsly  described,  were'  need  in  ascertaining  when  the 
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proper  degree  of  ezpansioii  was  reaobed.  A  blaek  heat  was  fband  to  be 

•nmcient. 

After  the  jacket  was  shrunk  in  place,  tlie  tube  and  jacket  were  hoisted 
up  and  the  trunniou-rinfj  plaeed  in  position  in  the  fin^  ]M>t,  as  shown  in 
Plate  XIV.  The  to^  section  of  the  fire- pot  was  reiuoveti,  and  Uie  fire 
kindled,  lime  required  to  beat  up  tranDion-riDg  was  for^-fl ve  oodoiitea. 
The  measDrementB  were  made  as  before.  When  snffieiently  expanded 
the  fire-pot  was  removed,  the  tube  and  jaitki  t  swung  round  and  hmered, 
as  shown  in  Plate  XIV.  The  length  oi'  the  screw  bolts  was  so  arranged 
that,  when  lowered  into  position,  the  pins  b  h  (Plate  XIV)  ooald  be  in- 
erted  as  sbown. 

The  lower  section  of  the  bolts  o  o  being  heated  and  expanded  a« 
soon  as  the  pins  h  h  were  inserte<l,  the  nuts  d  d  were  screwed  tightly 
.  home.  The  sections  c  c  were  then  cooh»d  off*  quickly  while  the  tniiniou- 
ring  was  still  hot,  and  the  result  was  a  perfect  joint  between  the  jacket 
iuia  trnnoion-riog.  For  the  sleeve  the  process  was  identical,  the  only 
change  neeessary  being  in  the  length  of  the  sorew-bolta,  and  an  equally 
light  joint  was  obrained. 

Timerequired  to  heat  up  sleeve,  twenty-five  mitnites,  A  play  of  about 
.01  inch  was  allowed  iu  expansion  above  the  dimensions  of  the  corre- 
sponding parts. 

This  arrangement  of  the  bolts,  simple  as  it  is,  has  answered  the  par* 

pose  for  which  it  was  intended  perfectly  and  seunred  a  perfeot  joint, 
which  is  Tiot  nlways  attainable  in  shrinkinjr. 

After  the  parts  were  shrunk  together,  t lie  gun  was  removed  to  the 
shop,  the  exterior  of  the  jacket  turned  to  dimensions,  except  a  narrow 
ling  at  the  rear  end,  which  was  used  as  a  bearing  in  catting  the  thraMl 
for  the  base- ring,  the  sleeve  was  finished,  the  key-ring  put  on,  th*  t  I^e 
bored  up  to  3..?  inches,  and  the  gun  placed  in  tlic  rifling  machine. 
Previous  t4>  this  the  i>oi  e  was  accurately  measured  with  the  star  gauge. 
The  measurements  are  given  in  Table  Ko.  2. 

The  defect  in  the  metal  of  the  tube,  which  was  shown  in  the  firrt 
boring  abont  2  feet  from  the  mnazle,  became  very  apparent  daring  tiie 
rifling. 

A  hur  was  thrown  up  on  the  ed^res  of  the  lands  by  the  action  of  the 
ritliiig  tool  and  a  reamer  v^as  ntude  for  removing  it  in  preference  to  lap- 
X)ing,  as  it  was  feared  the  latter  process  would  cutoff  the  sharp  driving 
edges  of  the  lands  which  it  was  desired  to  preserve.   This  reamer  is  a 

cylinder  of  steel,  fitting  tlie  bore  accurately  and  having  one  of  its  ends 
beveled  sli«ihtly  and  cont aininii:  tlie  cutters.  The  reanirr  was  pulie<i 
througii  the  bore  and  turned  un  ita  axis,  at  the  same  time  remo\'iog  the 
bur  and  leaving  a  smooth,  sharp  edge  on  the  land. 

After  the  riding  the  shot  chamber  was  bored  aqd  the  powder  cham- 
ber finished.  For  boring  the  shot  chamber  a  bar  was  made,  Plate  IX. 
Figs.  5.  5r7,  5/>,  having  a  cntter  tlie  exact  shape  of  the  chamber.  This 
bar  was  centered  in  the  boic  by  the  front  bearing  a  (Fig.  5)  resting  in 
a  cast-iron  liug  placed  iu  the  rear  end  of  the  tube  at  the  entrance  of 
the  chamber.  The  screw  thread  was  then  cnt  on  the  interior  of  jacket, 
for  the  n'ception  of  the  base-ring,  the  latter  threaded  and  shrank  into 
place.  The  necessary  ex]>ansion  for  this  ])uri>ose  was  obtained  by  in- 
serting a  piece  of  hut  iron  in  tlie  rear  of  the  jacket  for  a  short  tiine.  The 
principal  object  of  the  shrinkage  iiere  wa^s  to  seoure  a  iongitudiiial  cou- 
traetion  of  the  jacket,  and  a  close  joint  in  consequence  between  the  rear 
end  of  the  tube  and  the  corres(»onding  face  of  the  base  ring.  The  thread 
on  t!M'  inti-rior  of  tlie  base  ring  was  cut  and  its  alternate  sectors  pinned 
olf  betoi  e  its  insertion  in  the  jacket.  The  time  re(|uired  to  tiuish  exte- 
rior of  gun  was  twenty-five  days  of  eight  hours  each,  ouo  man  being  em- 
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ployed.  Alter  fiuinh  toruio^  on  tbe  exterior,  the  ^'u u  was  filed  and  ite  ez« 
terior  completed.   Tbe  lug  for  tbe  binge  of  carrier  ring  was  tben  cnt  oat 

at  tbe  rear  of  Ibe  jacket.  For  tliis  jmqmsc  the  f^nii  w.'ts  pl;i('od  in  the 
shaping  inacbine,  muzzle  down,  a  bole  beiu^;  cut  in  tin*  siiui)  tlooi  !o  i!. 
low  muzzle  to  drop  tbrough,  tbe  guu  being  supported  by  a  heavy  irou 
ring,  wbiob  rested  on  the  bed  of  Uie  shaping  machine^  tbe  muzzle  drop- 
ping down  throagh  the  bed*  The  lug  was  finished  in  this  machine, 
Vith  the  exception  of  a  little  filing  to  fit  it  to  tbe  carrier-ring. 

Work  on  fhf  breech  rutvhantum. — The  copper  bushing  for  tbe  forward 
end  of  tbtj  vent  was  iu.scited  ami  pressed  into  place  under  tbe  screw 
press.  Tbe  work  on  tbe  diftereut  parts  of  tbe  breech  mecbauisu]  pre- 
sents nothing  worthy  of  remark. 

The  time  required  to  finish  it  was  about  sixty  days  of  eight  hours  eachy 
two  first^slasB  machinists  and  one  or  two  heliiers  being  employed. 

OHAKOBS  MADB  IK  THX  QVH  BUBlliO  MA1917FAOTVBS. 

The  principal  changes  made  in  the  gun  are  shown  in  Plate  XI,  Fig. 
1,  showing  the  gun  as  originally  designed,  and  Fig.  2  as  altered}  the 
other  figures  giving  the  details  of  the  alterations. 

In  Fig.  1  it  will  lie  observed  that  there  is  a  small  key  ring  in  front  of 
the  trunnion  ring,  shown  in  detail  in  Fig.  6.  Tliis  was  removed,  as  it 
wiis  thought  it  weakened  the  tube,  and  the  sleeve  \va.s  made  a<s  fcbown 
in  Figs.  2  iHid  6cf,  a  key-ring  being  screwed  on  in  liout  of  sleeve.  Two 
adTantages  are  claimed  fot  this :  first,  tbe  tnbe  is  not  cot  into  and  weak- 
ened; and  second,  the  key-ring,  extending  further  to  the  front,  incrciises 
the  strength  ('f  the  tnbe,  nnd  it  is  thought  that  it  adds  to  the  tinish  of 
the  gun  on  the  exteri'^r.  This  eli:ni;;e  was  made  at  the  suggestion  of  the 
commanding  oflicer,  u»  aUo  that  represented  in  Figs,  u  and  5a,  tbe 
form  of  the  idionlder  between  jacket  and  tranuion-ring. 

Figs.  4  and  4a  show,  the  iiist  tbe  original  and  the  second  the  fin- 
ished form  of  shot  chamber.  The  elinnge  was  reT>dered  necessary  by  a 
chun'ie  in  the  form  of  I  lie  eopi)er  l»anil  on  projectile.  As  originally  de- 
signed it  was  suitable  lor  a  luuul  like  that  on  tbe  Hotcbkiss  projectile, 
bnt  a  change  to  a  band  of  rectangular  orofts-seetion  necessitated  the 
form  shown  in  Fig.  4a. 

Fig.  3  shows  tlu^  V-  shaped  thread  as  ori;:inally  designed,  connecting 
the  base  ring  and  jjickt't.  This  was  cliaii.i;e<l  to  tbe  sf>:ipo  Hhown  in 
Fig.  3a,  in  order  that  tbe  strain  on  the  rear  ol  jaeket,  under  the  action 
ot  the  powder,  might  be  parallel  to  the  axis,  instead  of  oblique  to  it, 
as  in  Fig.  3. 

When  first  designed  it  was  the  intention  to  force  the  parts  of  the  gun 
into  place  by  jncssTiro  in  the  testing  ma<;hine.  In  consequence  the 
Jacket,  trunnion-ring,  anil  «ieeve  were  to  be  slightly  tapering  on  the  in- 
terior. When  tbe  plan  was  changed,  and  it  was  deci(led  to  shrink  tbe 
parts  together,  this  taper  was  no  ionger  necessary,  and  a  change  was 
therefore  made  in  the  design  of  the  j)Hrt»<.  Tlie  tube  nnder  the  sleeve 
was  inereased  in  thiekm'ss  at  the  forward  end  .02  ineli,  and  a  very  slight 
addition  was  made  to  the  thickness  of  the  jacket  at  tbe  front  and  rear, 
to  compensate  for  this  increase  in  weigiit.  The  sleeve  also  was  .slighLly 
inereaaed  in  thickness,  as  shown  in  drawing. 

Two  8tay  {)ins  were  inserted,  one  in  the  key-ring  at  its  junction  wltii 
the  sleeve,  and  the  other  in  base-ring,  to  prevent  any  turning. 

It  wtn4  found  in  flttiii;^  the  carrier-ring  into  place  that  the  shape  of 
the  jacket  ue^u*  the  binge  was  such  that  the  carrier-ring  would  not  swing 
iirsely,  and  this  shape  was  slightly  altered  by  chipi)ing  and  filing.  The 
positiou  of  this  hinge  and  its  projection  beyond  the  exterior  of  the  Jacket 
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caused  a  great  deal  of  nTn^M^ossarv  work  in  tutting"  it  out,  and  it  is 
thought  that  its  position  in  tutuie  4:oustructiou8  can  be  chanjjed,  so  as 
to  give  a  better  flt  to  carrier-ring  and  less  work  in  cutting  and  sliaping 
it  Important  changes  were  made  in  the  breeeh  meotaanisni,  and  weve 
all  suggested  hy  Mr.  John  Allen,  an  experienced  workmiin.   They  are: 

First.  A  chanf^c  in  t\w  Hhape  of  the  rear  pnrtif)n  of  \\m  breech  plug, 
by  which  it  is  left  with  a  full  thread,  and  lit«  into  the  cairi(»r  ring  accu- 
rately, closing  up  the  openings  in  the  screw-threads  and  keeping  out 
dost  aDd^datnpness  firom  the  parts  of  the  mechaniBm. 

Second.  A  corresponding  obangc  in  the  earrier-ring,  removing  the 
stops  from  the  exterior  su rfarf  md  ])];n'lTi<r  theni  insi<le,  and  tlioreby 
simplifyinir  the  construction  and  giving  a  plane  surface  to  the  e^kterior 
face  of  cai  l  ier-riug. 

Thifd.  A  change  in  the  method  of  locking  the  carrier-ring  to  the 
jacket,  substituting  the  pin  and  Spring  already  described  for  the  lock- 
ing cateli  used  in  the  I  )e  P> a  nge  system,  the  pin  being  more  simple  and 
requiriii;^  less  work  to  lit  it. 

Fourtii.  Giving  a  bliglit  taper  to  the  gaa  check  and  its  seat,  in  order 
that  it  may  be  gronnd  to  an  accorate  fit. 

Fifth.  Changing  the  shape  of  front  ed^'<'^^  of  head  of  lever  handle, 
and  of  its  corresponding:  recess  in  carrier  rin^;,  in  order  to  correct  any 
tendency  of  1)r( HH-h-plug  to  move  beyond  its  proper  position  after  &riug, 
as  before  explained. 

Sixth*  Omitting  collars  at  the  ends  of  hinge-pin,  which  woold  have 
necessitated  catting  away  the  metal  of  jacket,  and  sabstituting  therefor 
two  stay  pins,  whicli  hold  the  hinge-pin  in  place. 

An  examination  of  Table  No.  1  will  sliow  the  care  with  which  tlie 
woi  k  was  done,  and  how  small  the  variations  are  from  the  diuieusioos 
given  in  the  drawing.  *  * 

In  Table  No.  2  is  shown  the  actnal  contractions  of  the  tnbe  after  the 
shrinking  on  of  the  jacket,  trunnion-band,  and  sleeve.  Two  diameten 
were  mensnred,  one  throiigfh  the  plane  of  the  axis  of  tlie  tninnion«»  nnA 
the  <tther  at  right  anj^U's  to  this  plane.  Each  series  was  nieasnred  twice, 
and  the  iigures  given  are  the  means  of  the  measurements.  These  meas- 
niements  differed  yery  slightly  from  each  other,  and  it  is  believed  that 
tiiey  are  accurate.  It  will  be  seen  from  the  table  that  tbc^  eontractioo 
is  iri-oatest  for  that  portion  of  the  tube  in  rear  of  the  shoulder  and  at 
the  fu)Htend  of  powder  c!i amber,  or  whei'c  the  metal  of  tlie  tnbe  is  horM 
out  and  the  jacket  tbiciv.  Again,  it  will  be  noticed  that  the  contract  lou 
of  the  tnbe  nnder  the  trnnnion-ring,  in  the  plane  through  the  axis  ef 
the  trunnions,  is  mnch  greater  than  that  in  tlu^  ])lane  at  right  angles  to 
that  idanr;  twice  as  frreat  by  measnrement.  The  plane  tlinjupfh  tbe 
axis  of  trunnions  contains  a  <rreater  thickness  of  metal,  the  trnnuioos, 
rim  bases,  &c.,  and  hence  its  contractile  force  in  cooling  is  gre^i  ter. 

The  results  of  these  measnrements  woald  seem  to  indicate  that  to  fh- 
tnre  constructions  the  parts  to  be  shrank  on  should  Im  turned  a«  nearif 
to  finished  dimensions  ns  possible,  for  in  the  case  of  the  jacket,  which 
was  left  cylindrical  on  the  exterior,  the  resulting  contraction  is  too 
great,  as  is  seen  from  the  table. 

The  irregularity  in  the  contraction  of  the  tninnton-ring  cannot  wcQ 
be  aToided,  as  it  wonld  be  very  difflcnlt  to  finish  it  after  shrinkagei  and 
would  necessitate  extra  labor  and  eoBU 

Bespectftilly  submitted. 

LAWRENCE  L.  BRUFF, 
Lieutenant  of  Ordnance^  in  charge  of  gwu 

To  the  CoxBCANoma  Offiobr, 

WtOertown  Arwrnwlj  Jfoit, 
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I 

Mads  at  Absbnal. 

Fittinj;  up  shot  latbun  for  boriug  and  ridiog  tube : 
One  plareinic  tool. 

Forgin);,  tnrinn-jr.  ntui  jtlnuingtool  Mid  bar. 
Forgin^j  and  turnini;  cuttur. 
One  boriu);-bar  for  boring  ja«k«i. 

F(*ri;iiiij  and  tTiniing  liar. 

Turning  aii«l  euttinu  fi'ed-screw. 

Planing  Hlot  for  fep(l-«crew. 

For^ii);,',  flttinf;.        turiiintj  cnttfr-head. 

Fury;iu;;,  tiauiug,  uiul  cuttini^  j^t-ain. 

Making  cuttfrn. 

Fitting  collars  and  uut  for  foed-«orew, 
Thir«  wood  reani(>n : 

Fori^iiit;  anil  turning;  n'riincri. 
Fitting  and  turaiug  wood. 
PUining  slotfl  fbr  onttcm. 
Foii^'iriir,  fUtinu.  and  tiiiniiij;  coM6in. 
One  boring  uud  rilltug  machine : 
MakinjK  iit«el  eptndle  for  oluteh. 
Boriiif^  (Hit  sanu'  fnr  frrd-screw. 
Making  pailcrnt)  uud  ciMting  gears. 
Making  patterns  and  canting  gear- frame. 
Making  }iattemM  and  rnstinix  foliowing-rest. 
Boring  and  planing  bearing  ol  lullt» wing- rest. 

Making  paitam  andoMtiog boz-b«ariiig for  sorew  in following^rMt*  boting-m** 

chine. 

Making  pattern  and  casting  box  bearing  for  scrow  in  folio iriag-reet,  rifliug-ma- 

eh  inf. 

Fitting'tUeae  bearings. 

Making  pattera  and  eai«ting  nlidlnjif  bead. 

Boring  and  planing  bearings  of  sani*-. 

Making  pattern  for  bronze  nut,  f«Mid-Hcrew,  boring-machine. 

Casting,  lapping,  finishing,  and  fitting  same  in  bearing  in  sliding-head. 

Making  pattt-m  for  bron/r-  nnt,  fi'i-d-s(>n>w,  riflin^^-niai  hinc 
Casting,  tapping,  finishing,  and  iittin^'  san))^  iu  Ix  ariu^  in  (»lidiug-head. 
Making  fkattem  and  casting  for  bearing  of  burtng-bar  m  aUdlng-bead* 
Makini;  snme  fnr  bearing  for  ritlin;^-bar  in  aliding-haad- 

Fianiug  and  titting  these  bearing^. 

Turning  and  finistiing  pipe  for  boring-bar  aad  oatting  key-way  In  Mune. 

Turfiiti;;  an  J  finishing  pipe  for  rilling-bar. 

Pntiiuj;  in  and  finishing  forging  at  front  end  of  rifling-bar. 

Turning  and  cutting  feed-screw,  boring-machine. 

Turning  and  cutting  driviug-acrew,  nfling-maoliineh        '  * 

Taming  and  finishing  spline-shaft. 

Making  paltvin,  rasting,  and  boring  bfarinijs  for  si)lin«'-slnin. 

Making  patteru,  casting,  boriug,  and  littiug  front  bearing  for  boriug-bar. 

lUking  pattern,  casting,  boring,  Mid  Bttlog  ftont  beating  for  rUUng-bar. 

r?orin;i  ami  titling'  rests  for  tnbf  on  V)nring  and  rifling. 
Making  sbixtpiug  rodh  ikiul  lovers,  ritliug-maehine. 
Toming,  bonng,  drilling,  and  fluing  index-plate,  rifling-maohine. 
Forging,  tnmin^,  and  snrinlxin^  one  wrnii^jlit  iron  collar  on  roar  of  rifling-bar. 
Forging,  turning,  ami  tiiieudlug  Btcol  pin  an<l  bushing  for  gear  next  to  index- 
plate.  ^ 
T^)«>  frenrn  fnr  tlie  xifling-maolune  were  cat  by  Pratt  and  Wbitney. 
One  nfiiug-kfud : 

Forging  the  head. 
Boring  interinr. 

Tnruing  extorii>r,  planin;;  oat  slots  for  bearings. 
Fiti  ini^  beari 

Making  pattern  and  ca<iting,  planing,  filing,  and  fitting  front  bronxe  bearing. 

Forging,  turning,  and  planing  sliding  eteel  pin. 

Flaniii;;  r'lot  for  sliding-pii  i  i-  currying  Ctttter, 

Making  slidiug-piece  for  cutter. 

Threaaing  front  of  steel  sliding  pin. 

Making  beari ng-nnt  for  •liding'-pin. 

Making  cuttent. 
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One  tool  for  boring  shot- chamber: 
For>;iii2;  and  turniii;^  tool. 
^Pluuiuj;  slots  for  cutlers. 
Forging,  turning,  and  fitting  catten. 
Making  cast-iron  bearing-ring. 
Apparatus  for  taming  out«ide  of  Jacket  and  the  powder>chamber : 

Making  p«fetenU|  oMtiog^  planing,  and  flnisbuig  thxee  oMt-icon  pteoea  for 
work. 

Making  pattern,  casting,  bonng,  tiuishiug,  and  fitting  CM iO*MMldflC. 

Forging,  turiiiiii.',  .-ind  Niotting  one  borUig*bar. 

Making  and  iiltm^  <- utter. 

Planing  and  finishing  two  ateel  formers. 

MnUin;^'  ]\\>r  and  attaohmenta  for  regulating  faetf* 

Sbriiikiii^  appiiratus: 

Making  pattiim  and  casting  for  reel  for  Jaeket|  tmnnion  ring,  nnd  deeve. 

Miikinj;  iack<"t  for  cro8s-bea<l. 
liorin;^  and  planing  tbeae  oaotings. 
Forging Joint«d  bolta,  jnwB,  and  pins. 
ThitMuding  same. 
Making  gan  and  water  collars. 
Making  )on<;  rod  paHsin^  through  gttn. 
Making  Ure^pot  (boiler  mm). 

TOOLS. 

1  screw-socket. 


1  taj),  18  inches. 
1  tup,  2  inches. 

1  tap,  .S>  inelus. 

2  tap,  .7  inch. 
1  tap,  i  inoh. 
I  tap,  JS  inefa. 
1  tap,  .f)  inch, 

1  milling-tool  for  recess  in  carrier-ring. 

1  drill-Hocket. 

1  holder  tor  drilling  enttefa  forpierdng* 

tool. 

1  die,  ^-inch. 
1  drill,  .(>-iDcb. 

1  taper  reamer  for  index-plate  rifliag^nn- 

ehine. 

1  taper  drill  fur  index-plate. 

1  connterlNire  .7  Inch  by  1.3  inehes  tor  hole 

in  bl( celi-plM;^, 

1  tajter  ctmntersiuk,  for  screws  in  stops 

enrrier-ring. 
1  cnunterl»ore,  .6  inch  by  1.1  inclics. 
I  wrench  for  tuniing  index-plate  riding- 

maehlne. 
1  bnr-reanier,  }  iiu-h. 
1  connteiMink,  ^  liy  j  inch. 
1  eonntcrsink,  f  liy  i  ineli. 
1  oonnterHink,  i  hy  .(>'>  inch. 
1  OMUntersink,  M  l>y  .65  inch. 
1  bnr- reamer,  .<>.'>  inch. 
1  eonutersink,  ^  by  .(>5inch. 
1  eonntenrink,  ]  hy  .7  inch. 
1  l>ur-reaiuer,  .4  inch. 
1  bur-reamer,  .55  inoh. 
1  bnr«rennier,  J»  inch. 
1  cnttcrbar  and  eutterfor  hole  inbreeob- 

plug. 

1  taper  reaaMr  for  ttay-pins  in  oairier- 

ring. 

1  twist-drin,  .4  inch: 

2  broaches  for  rifling-head* 

3  arbors  for  rifling-head. 

8  sore w- arbors  for  rifiiug-head. 

S  drills  for  8tay  pirn  imr  baM>iing  and 

screw -co  liar. 
1  bottom  inu  drill  for  hole  for  latch-pin  in 

jaekat. 


1  oentering-puunh. 
i  east-iron  ni 


niou. 


ng  for  gnideatn  filing 


4  cutters  for  boring- bur  for  jacket. 

1 3.S-inoh  bnr-reanier  for  cleaning  off  bnn 

on  lands  nfrer  rifling. 

4  cutters  for  pieruiug-toul. 
6  entters  for  rifling-hoad. 

6  cntt<Ts  for  wood  reameia. 
1  plni;  arl»or,  :{  inches. 

5  idug  arhitn*  for  tnming  tnba. 

1  arbor  fur  bre»cb-plug. 

8  cnst-iron  washers,  i  and  ^  inch  thick,  tm 
fitting;  baH'-ring. 

2  w^ng-arbors  for  turning  jacket. 

1  Bcrf^w-plng  arbor  for  timing  base-ring. 

1  arbor  lor  furninc:  carrier-ring. 

2  casi-iron  washers  for  guidee  in  plaaiag 

off  tmnnion  bands. 

1  .^tecl  iirbor,  .<>'>  inch. 

1  chuck-ring  for  holding  tube  in  tumiog 
and  boring. 

1  followtnu'-rest  for  cutting  scrawt  iv 
boring  uud  rifling  machine. 

1  former  for  spacing  indas*plata  rifiia^ 
machine. 

1  socket  for  wood  reaaor* 

1  coMt-iron  collar  for  seenrlng  m  fai- 
ring. 

3  snap-ganges,  from  3  to  10  inchca. 

1  vtr.-ip  rirst  for  piereing-tooL 
'-i  lulhe-strape. 

2  hook-bolto  for  tmnniona. 
8  threa<l-tool8. 

1  arbor  for  breecb-nlug. 
1  wrench  for  screwing  m  lateh-ping  (mt^ 
rior-ring). 


1  reamer,  -J4-inch. 
1  reamer,  iVinch. 
1  reamer,  |-inch. 
1  reamer,  -iVlnch. 
1  imnar,  i-inch. 
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1   r«  .1  i[i(»r,  -i',,-in<-Ii. 
k  reamer,  ^Vincti. 
1  Te»mer,  A-indu 
1  drill,  I  inch. 
1  drili,  ^-inoh.  ' 
1  drill,  f-inch. 
1  drill,  •ft'inolL 

Xablk  No.  l.—6h0wimj  atlual  weasui'emeuUn^  extrrior  of  tube  and  intaior  o/jaokei,  $1*09$, 

mid  tnmnioi^fimgt  h^<orf  •hrinkagt, 

JACKET. 


2  drills,  f-inch. 
1  drill,  1^  inch. 
8  drills.  int^h. 

1  mi  tat>t»  and  diivs,  ^,  |,     f  IbqIl 
i  anivtttiuil  die-Htock. 
i  tep'WreucbM,  stoek, 


i 


c 

M 

M 


55 


G  U  O 


^  a 

a 


•e 

c  a 

••5 
fit 


a 


InehtM. 

Inch. 

Ituh. 

S.8 

.IH)» 

.l«09  f 

ae 

coil 

(to'j 

.009 

.000 

10.6 

6.011 

0.  UV2 

.00" 

.0«iO 

lt.« 

0.011 

6.0015  ' 

.0095 

.009 

14. « 

fi.  01! 

«  0015 

.0095 

.009 

16.6 

«i.  Oil 

ti.  001 

.010 

.009 

18. « 

O.QU 

6.001  : 

.010 

.660 

20.t 

CMC 

6.601 

.000 

.660 

22.9 

CtlO 

C66t»  < 

.6066 

.660  * 

*f4.6 

&010 

Ct 

.610 

.660 

26  . « 

S.6O0 

5.601 

.608 

.6084 

20.0 

S.609 

8.601 

.666 

.00«4 

27.0 

5.0U9 

5.001 

.008 

.0U84 

f2&4^ 

&009 

5.0008 

.00l£l 

>     .0084  1 

Inch. 
0 
u 
0 

+  .01)05 
+.0J05 
+.601 
+.601 

+.661 

-.0004 
-.0004 
-.0004 
-.0002 


TRuysnoN-Bnro. 


W.4S 

'..  <ti  '9 

r..  0 

.009 

.0084 

'  aa45 

&.mi 

t».  0 

.009 

.Mk84 

31.45 

5.009 

5.6008 

.  00«2 

.00*4 

4*> 

\  fSOO 

5.  6UI 

.008 

.0U84 

Xi.  i'> 

5.  til 

5.  0015 

.0005 

.0084 

J84.4&  i 

&61 

6.6618 

1  .6003 

.6084 

ft.  01 

8^0618 

1  .oeM 

.6064 

 1 

+.0006 
+.0008 
-.0002 
-.0004 
+.6611 
+.6608 
+.6608 


BLBBTB. 


46.0 
48 

50 

S2 

58 


5.607 
5.606 
\608 
5.606 
007 
5.008 
5.608 
&60H 


*  BhouMiT. 

tFroatof  jacket. 


.  m 

.0084 

.  Olih 

.0084 

— .  (HP  1(4 

.'lUS 

.  Otirt 

.  0(iK4 

0(i04 

«>.  i^Uh 

.  (IDS 

.  C'<if4 

—.0004 

5.508 

.  009 

.  It('h4 

+  .00O6 

5.  599 

.ouu 

.  iM4 

+.0006 

5.509 

.009 

.01)84 

+.0006 

&6 

.0084 

-.0004 

'End  of  trunnion-ring. 
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JACKKT,  OF  SHOULDER. 


« 

t 

c** 

V. 

CI  O 

2  ® 
« 

s 

a* 
A 

b  a  it 
I-  a  * 

5  «  ■ 

g  g  9 

I'- 

P  o  S 

u  ^  O  ■ 

Ills 

11^4 

»  . 

AotoaTM 

•»» . 

a 

«3 

■tnoHoii. 

Za 

s  a 
ng 

g.2 

£"5 
£5 

Tnrhft. 
IX  U 
14.4 
15.4 
16.4 
17.4 
18.4 

•1».4 

Jnchin. 
3. 172 
3. 172 
3. 172 
3.  1 7J 
3. 172 
3.  Wi 
3.172 

Ineht*. 
3. 166 
3.104 

.3. 163 
;i.  IM 
a.  1511 
a.  16(1 
*m 

3. 105 
3.164 
3.163 
3.  160 
3. 159 
3. 159 
3.164 

.006 
.008 
.009 
.012 
.013 
.012 
.008 

.007 

,  008 

.uu» 

.012 
.013 
.013 
.008 

■ 

JACKKT,  FBONX  OF  SUOULDliR. 

1014 
lt4 
ft* 

m4 

3.172 
3.172 
8.172 

3. 166 
3.168 
8.160 

•  i 

3.166 
3. 168 
3.169 

z,vn 

.608 
.004 

.oct 

•  OOt 

.OM 
.004 
.008 
.008 

• 

24.4 
25.4 
241.4 
27.4 
2a  4 
29.4 
$90.4 

3. 172 
3.172 
3.  172 
8.172 
3.172 
3. 172 
8.  ITS  1 

8  167         X  170 

:j.  itif!       :).  lO'j 

3.  166        3. 100 
3.  160        3. 169 
8. 168        3. 170 
a.l«»  j  S.170 

.005 
.  OOti 
.006 
.006 
.006 
.004 
.008 

.003 

.  ooa 
.oa3 
.003 
.003 
.002 
.008 

SLEKVK. 

3L4 

n.4 

34.4 
35.4 

.'JC.  4 

;{7. 4 
4 

rt'J.  4 

40.  4 
41.4 
42.4 
&43.4 



3.173 

t.m 

3. 172 
3.172 
8. 172 
3. 172 

3,  172 

:f.  172 

:!.  172 

a.  172 

8.172 
3. 172 
3.172 
Sune  to 

8.170 

3.170 
3.170 
3.171 
8.171 
3. 170 
3.170 
3.170 
8. 171 
X  171 
A.  171 
;t.  171 
X  171 
3.  17-2 
Same  to 

8.1T0 
8.170 
M70 
1. 170 

a.  170 

3. 170 
3.170 
3.170 

3. 171 

:i.  171 

3.171 
3.171 
3. 171 
3. 172 
Saoui to 

.OOt 

.003 
.008 
.001 

.001 
.002 
.002 
.  00'-' 
.  001 
.  «0l 
.001 
.001 
.001 
.000 

.OOt 

.008 

.002 
.002 
.002 
.002 
.002 
.002 
.001 
.001 
.001 
.001 
.001 
.008 

1 

■Shoulder  18  tneboe  from  roar  of  tube. 
tTnwniOB4iiiK  bostiM  83.85  ioobea  fh>m  rewoftQlMu 
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Ch  iff  of  Ol  d  na  n  ce. 


Dimeuaioo*. 


L.f  u^ih  of  gnn  (total) 

L.eii|[lb  i>f  bnro  . ............................. 

Mjttlmom  diameter  

I««BXtli  of  tube  , 

Xzteiiiir  ^liiwteir  of  tube  for  19  isohes  ttma 

Xzierior  diameter  of  tub*  fton  t9  iaohM  flMMi 

r«<ar  to  43.70  inches. 

T!\t.  riur  diaiti^t^'r  at  muzzle  , 

liiioi  lor  <liani<>i<T  of  {luwder  chamber  

L.t  n;;tli  of  |)ciwili  i- 1  huniber  

I.>43BKtll  of  J  II  k<"l   , 

M.ixiijinni  i  itcrior  iIluih  Iit  of  J.irki't  

Aliiiiiuiuii  «-\t<i  lor  <ii;tiiirtfr  of  j;i4-ki't  

Iii.tiili-  (lisiiiK'ti  r  (roiii  K'.ir  to  '.M.ftO  itichciH  of 

Insiiie  (liainetvr  fur  3.85  iiichea  from  front  end 

of  Jacket. 
XirnKtb  of  looking  ahonlder 

dor 
ixtei 

sbouUor. 

(to 


'  SsfoHor  dtemetar  of  tmnttton-band  

IntMior  diameter  of  tnumton-baad  (except 

locking  receAH). 
Diameter  of  truunions  

L(  nutli  of  triinnioiiit   

DiHtnuo-  bi  tw«*<ii  rim-baaca  

Diatiiftor  of  riiii  boAOfl.  

Lc*n);tb  of  boAe-riu^ 
Diaiaoterof  bMO-r 

iDMiile  diameter  9t 

thr«adi«). 

OutMidt;,  thrtiaded  a  leu^tli  of. ................ 

Inside.  thrt>ad€id  aleii|;tli  of  . 

LftiKtli  of  fdeevo  .   

Kxterior  diameter  of  aleero  ......  .•»•••  

loaide  diameter  of  atoevv  

Lentrth  of  kej-ring  

Kxt4^rior  diameter  of  key^riog  , 

Inaide  diaaoter  of  mnw  tbroad*  of  k«r*iiag 

Pitch  of  tenw  thmido  «r  koy^rlng  

FitokofMnnr  tlir«khi«f  bMo-rine   

Mteh  0tmMW  tllMtda  of  l»«eeh-plug  

LMgUtOfblMMh'flng  (total)  

DlMBotorof  tiroeoa-plug  (outside  threads) 

L<iaKth  of  rifling  

Nami»erof  gnwves  , 

Niimi>«r  of  laiulfl  

Width  of  l.mds   

Width  of  t:i oo\  ) 

ItapUt  uf  grooves....  


00.8 

00.8 

83.2 

83.2 

0.56 

0.56 

8S.2 

8A.2 

0LO0B 

0L00B 

fi.10 

S.10 

3.8 

3.8 

10.  0 

10.  0 

28.  45 

'M.  45 

V.  aO 

9.  5o 

7.  60 

7.  60 

(J.  00 

6.00 

5.  60 

&60 

1.29 

J.  75 

A    AAA  \ 

0L0O2  1 

1.099  I 

flLOM 

CCA  1 

6. 550  1 

01 000  J 

■LBV 

7. 00 

T.OT 

&I0O 

0L00 

8. 80 

8. 80 

2.  80 

2.  80 

».  50 

0. 50 

4.  £0 

4. 60 

4.00 

4.00 

01M 

01(0 

A  JIB 

3.80 

3.80 

4.00 

4.00 

18.  30 

13.  30 

6.60 

6.60 

5.60 

5.  60 

8.00 

3.00 

0L6O 

0.80 

Siia 

0.90 

0L10 

0.M 

«,» 

0140 

0100 

S.0S 

6.96 

447 

^.47 

TLUS 

71.  flW 

34 

24 

24 

24 

.1108 

.  1188 

0.30 

0.30 

0.05 

0.06 

Shrinkan  allmd  .0016  Inoh 


nkMft 

iriam 


Ob. 


£llil>tic^^22.8  inohea  ma^or 


Exterior  ourred  iuiigitodinaUy. 
AtftoaltBd. 


Shrinkage  allowed,  JMH 
p«rl  uohof  diam. 


Pat  in 
•go. 


Twbit.  uniform,  ono  tamin 
Weight  of  gun,  791  poond!. 

n 


a0odlNt»«0»n|taw 
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BE  PORT  OF  THE  CONSTRUCTWy  OF  FIELD  CARRIAGES  FOR  A.I-INCB 
IVJiOUGHT'IEOS  BREECH-LOJDIJvG  RIFLES  AT  THIS  WATERVUET 
AMBBNAL.  # 

(3  platOB.) 

WATBSyi.IBT  AB8SNAL,  N.  Y.,  August  4,  1S84. 

As  the  8ix  metal  carriagcws  made  at  tbis  arsenal  for  servi(;e  of  the  3.2- 
ineli  l>ree<;h-loading  rifles  obtninrd  by  the couversion  ofM  itieh  wnm^hl.- 
irtMi  ordnatice  rifles  must  be  re^Mrdctl  at  present  onl.v  as  experiiueiilal, 
it  will  be  iiitere^^ting  to  refer  to  tbe  steps  that  resulted  in  the  coustiuc- 
tioBS  that  luiTe  been  given  to  the  service  for  trial. 

BI8T0BY. 

The  first  metal  field  caniajje  made  by  thr  Ordnance  Departuu'iiL  and 
subjeeied  to  service  with  a  breech-loAdiug  ^'uu  was  that  deaeribed  in  the 
B«*port  of  the  Chief  of  Ordnance,  United  States  Army,  for  1880,  page 
45.  The  second  carriage  was  that  described  in  the  Report  of  the  Chief 
of  Oninance,  United  States  Army,  for  1881,  pajre  ill. 

The  principal  dilVen-iice  in  these  carriages  wan  in  tlie  construction  of 
the  cheekjs  and  trail,  iu  the  second  carriage  the  st^el  plates  used  were 
ataffened  by  being  flanged  aronnd  their  edges,  whilst  in  the  first  carriage 
this  was  effected  by  angle-iron  riveted  on  the  inside  along  the  edges. 

These  carritiires  were  tested  at  tile  Sandy  Hook  proving gronud*  The 
history  of  the  second  cairiage  is  as  follows: 

LTbird  indonement.] 

The  OsI)NA^'CE  lioAKi),  U.  s.  A., 

New  York,  June  28,  188L 

iu'&i)ectfuU,v  returned  to  the  Chief  of  Onlnance,  U.  S.  A. 
The  trial  of  this  carriage  at  the  Sandy  Hook  proving  ground  has -now 
been  carried  to  a  point  where  the  principal  delects  in  construction  have 

bron  developed,  the  latter  portion  of  the  trial  in  the  presonre  of  Col- 
onel HiiHin^^toii,  commanding  Watervliet  arsenal,  with  whom  the  Board 
consulted  as  to  the  changes  and  modiUcatious  deemed  advisable  iu 
Air  arc  manufactures. 

The  main  points  of  weakness,  whether  of  material  or  coustmctioni 
^re  found  to  exist  in  the  axle,  side  braceSi  a'heelS)  the  brace  for  elevating 
screw,  and  the  hand  spike  atta'-Innent. 

The  Board  would  now  recomuieij<l  that  the  carriage,  with  its  limber- 
body,  together  with  the  3.20  inch-  B.  L.  rifle  flrst  turned  over  to  the 
Boaid,  the  rifling  of  which  was  found  to  be  slightly  defective,  be  sent 
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to  Waterviiet  arsenal  to  be  used,  geuuraliy  speaking,  as  a  guide  or 
basis  in  the  raanafiictare  of  the  oaniages  for  the  3.20-Uicb  B.  lu  rifles 

to  be  issued  for  service. 

Tin*  detailed  report  on  the  p:un,  carrijipfp,  projectiles,  powder,  S:c., 
with  copies  of  firing  record  and  plotted  targets,  will  be  Ibrwarded  as 
soon  as  completed. 

For  the  Board. 

T.  G.  BAYLOR, 
Lieutmumt-Colonal  of  OrdnanoCf  Senior  Member  FtmemU 


Report  on3.20  inch field  ca rrla^^to aceon^^anjf  (eteveiUkituUtreement^  Ord^ 
nance  Office  letU  r  No.       in  aoeordanoe  wUh  ieMh  indoreement  tk^reom 

0/  Okie/  of  Ordmnce, 

The  eanriage  made  at  the  Cold  Spriofc  fSrandry,  received  at  Water- 

vWvX  Mr^eiial  from  Sandy  Hook,  was  found  to  (]('fec!tive  as  specified 
in  thinl  iiidorHeiiient  of  the  Ordnanfo  Board  on  Urduauee  OtKee  U^tti-r 
!No.  and  in  addition,  after  arrival  at  Watervliet,  the  left  cheek, 
Qtider  side,  wae  fbaud  to  be  cracked  throagh  the  entire  flange  and  ^  inch 
al>(»v(>,  a  defect  that  escaped  notice  at  Sandy  Hook. 

These  defects  about  cover  the  entire  carriapc^,  and  le,jive  very  little 
beyond  the  form  and  diniennmns  as  a  basis  to  work  upon  ;  tliesc  cniiforiD 
generally  to  tiie  3-iiich  wooden  carriage,  exe^ept  that  the  pintle  of  limber 
IS  cousUIerably  farther  to  the  rear — the  position  and  manner  of  attacli> 
ment  of  the  limber-box  itself  not  determined.  In  view  of  these  fifteta, 
nft.  I  have  had  no  experience  to  guide  me,  suggestions  as  to  alteradoilS 
and  additions  iire  made  with  some  difBdence. 

In  arrivinj;  at  the  conclusions  on  which  these  are  base<l  I  have  had  the 
help  and  nuggestions  of  the  assistant  officers  of  this  arsenal;  have  dis- 
cn8se<l  with  them  the  subject  in  detail;  have  embodied,  so  far  as  known 
and  other  conditions  will  allow,  the  views  of  the  Light  Artillery  Board, 
which  visited  this  arsenal  and  examined  the  carriajre  with  me;  have 
also  aviiilod  myself  ot  advice  and  vicwB  of  a  member,  (Jol.  E.  B.  Wdiis- 
ton,  of  said  Board,  now  present  (since)  at  the  arsenal. 

1,  at  ftmt,  deemed  it  necessaiy  to  apply  to  this  carriage  some  device 
for  relieving  it  of  the  initial  shock  of  recoil,  but  nothing  comprising  the 
simplicity,  efficieucy,  and  durability  necessarv  for  our  sfTvice  has  oc- 
curred to  me — the  devices  of  the  Englehardt  and  Gruson  (Albiui)  car- 
riages not,  in  my  judgment,  meeting  the  necessities  of  the  case;  at  least 
snch  oonstnictiona  sbonld  not  be  resorted  to  until  it  is  shown  that » 
Ught  axle  cannot  be  made  strong  enoagh. 

'Vhv  axle,  thcrcfoie,  is  th<*  first  consideration,  and  I  pro])o.so  to  turn 
cylnldiically  the  present  one,  which  is  partly  cylimhical  and  partly 
conical,  down  to  its  smallest  diameter,  3  inches  at  tlie  shoulder  washers, 
and  rivet  over  it,  tliroagh  uniting  flanges  closely  fitting,  two  steel  boiler 
plates  .25  inch  in  thickness,  one  above,  the  other  below,  giving  a 

croFs  scrrinn,  tlnis.   the  rear  ilanpo  so  shaped  as  to  irive  the 

greatest  strciijjt  ii  wiili  It^ast  weight.  This  construction  would  remove 
I  inch  of  metal  from  axle  between  the  cheeks  and  two  conical  portious 
increasing  from  0  to  ^  inch  in  thickness,  the  weight  of  which,  added  to 
the  weight  of  the  heavy  braces  ind  attachments — which  it  is  desirable 
toeliinin  ite — and  wfM  .rht  of  cheek  uuderatraps,  l  erHlercd  unnece^saiy^ 
wonld,  pcrliaps,  about  equal  the  weigfht  of  added  phitc.s  and  riveti*. 

The  sides  forming  cheeks  and  trail  are  fashioned  after  the  Krupp  iield 
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oarriage,  oamely,  sheets  of  steel  out  to  form  aud  tben  flaD;;ed,  with  tliis 
difference,  Krupji^fl  are  flaaged  by  heatiuf?  eaob  plate  as  a  whole  and 

strikiuix  up  the  flange  iu  a  die — one  opemtioii ;  whereas  the  plates  of 
this  carriage  have  been  heated  part  at  a  time  and  hamtnered  over  by 
handf  a  costly  and  unsatiHlactory  operation  attended  by  more  or  les>s  in- 
jury to  the  metal ;  to  this  mode  of  fabrication  may  be  attributed  the  crack 
across  the  flange  above  referred  to.  Riveting  augle^irons  to  plane-plates 
was  tried  in  the  fir  st  carriage  made — the  one  at  Watervliet  arsenal  being 
the  second  one — but  the  prodnet  M'as  foniid  too  heavy, 
fijv Therefore,  wiihout  considering  the  crack  avS  an  evidence  of  weakness, 
bat  fault  of  construction,  not  having  the  plant  necessary  to  form  the 
flanges  as  Kmpp^s  are,  resort  mast  be  had  to  some  form  that  will  give 
the  necessary  strength  and  ItghtnoM-^ess  COSt  following  as  a  teSQlt  of 
the  mode  of  construction. 

I  have  learned  that  although  the  Department  allowed  but  $8(MI  to 
be  paid  the  West  Point  foundry  the  two  carriages  made  there  cost 
about  il,200  each.  For  the  cheeks  and  trail-plates  it  is  proposed  to 
use  about  ^-inch  steel  plates  of  similar  form,  without  flanges,  except  for 
a  sliort  dist4ince  in  vicinity  of  trniiiiion  beds  on  top  aini  axle  on  the 
bottom — short  angle-irons  replacing;  llaiiges  in  front — tlie  remainder  to 
within  a  short  distance  of  these  flanges,  to  be,  in  cross-section,  a  seg- 
ment of  a  circle,  whose  radius  would  about  equal  one  described,  witii 
its  renter  on  a  perpendicular  to  center  of  croHs  section  at  any  point,  to 
take  in  this  eenter  and  the  two  end  points  of  flanges  of  corresponding 
cross-sieetion  of  present  carriage  thus,  [ — .  For  the  idea  of  curving 
the  plates  I  am  indebted  to  Captain  Varney.  TImj  double  elevating 
screw  and  its  manner  of  attachment  to  cheeks  is  essentially  the  same 
as  the  Austrian,  page  465,  Plate  IV,  lieport  of  Chief  of  Ordnance  for 
1877.  Without  considering  the  weakness,  as  shown  by  the  breaking 
of  its  attaehments,  it  is  objectionable  in  that  it  will  not  permit  the  ele- 
vation, 30^,  desired  by  the  Light  Artillery  Board;  it  is  also  objection- 
able in  that  it  may  be  rendered  unserviceable  by  an  aisoidental  blow  or 
rifle  shot  on  the  thread,  particularly  of  the  sm  Her  screw.  For  an  ele- 
vating device  I  propose  a  simple  lever  eyed  to  the  rear  flange  ol  axle- 
plates  and  passing  through  a  fixture  attached  to  gun  at  curvtjol  breeeh 
in  rear  of  fermeture,  similar  to  that  used  with  oscillating  and  elevating 
lever  of  Gatling  gun ;  30  or  more  degrees  of  elevation,  if  desired,  can  be 
obtained  in  this  way,  and  the  device  offers  obvious  advantages  in  the 
way  of  cost,  simplicity,  lightness,  and  ease  of  manufacture.  The  br  ike 
used  18  essentially  the  same  as  the  Prussian,  page  535,  Fig.  40  (ite[>arr. 
of  Chief  of  Ordnance  lor  1877).  This  is  objectionable  if  it  is  to  be  used 
for  cheeking  recoil,  in  that  it  eonsumes  time  to  apply  and  release  it  in 
action,  the  position  of  the  screw,  being  under  tlie  gun  in  front,  is  not 
convenient,  fuid  the  bar  passing  under  the  trail,  far  to  tlie  rear,  is  in 
tlie  way  in  the  service  of  the  pie<  e,  partieiilariy  when  limbering  up. 
For  a  brake  for  recoU  aud  down  liill,  and  to  serve  as  a  mud  ^crape^  for 
wheels,  I  propose  an  iron  or  steel  bar  or  rod  eyed  to  the  shoulder  washer 
of  axle  at  one  end,  the  other  end  being  a  flanged  shoe  foiled  on  in  such 
a  way  that  when  the  bar  is  up  verticallj*  (the  position  of  the  eye 
being  on  top  of  axle)  tlie  siioe  can  be  passed  outwardly  over  the  tire 
and,  when  in  this  position,  the  bar  be  thrown  to  the  front  or  rear — fall- 
ing by  its  own  weight-*the  shoe  will  foil  upon  the  tire,  with  flange  out* 
side,  ov^erlapping  it.  After  making  a  part  revolution  the  wheels  by  this 
arrangement  would  be  held  fiimly,  the  carriage  sliding  until  recoil  ceases. 
It  would  be  autonmtie;  tlnuun  to  the  rear  in  firing  it  would  break  the 
recoil  j  to  the  rear  ou  the  march  it  would  be  a  mud  scraper  for  the  wheel  \ 
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to  the  front  on  the  marcli  it  would  bnikf  down  hill.  When  not  in  ane 
it  would  be  carried  vertically,  fastened  to  the  seat  on  gun  axle.  Two. 
0116  for  each  wheel,  would  be  plaisod  on  tbe  carriage.  Goin^  down  bill 
it  would  be  suilicient  tn  brake  bnt  one  wheel.  Should  this  proposed 
brake  be  fonnd  to  check  rolling  recoil  too  snddcnly  a  stiff',  short  sprinj^ 
of  this  shape  fastened  at  its  center  to  inside  of  shoe  may  l>e 

added,  or  to  insure  an  elastic  system  it  would  be  well  to  make  this  ad- 
dition at  the  start. 

The  Archibald  wheel,  as  recommended  by  the  Light  Artillery  Boards 
is  consideied  to  fill  the  rcriuirements  of  our  service. 

I  pr(>pose  to  place  tlu*  t  ('nti'r  of  limber  1h»x  over  center  of  axlOy  and 
key  it  to  the  Inxly  and  hounds,  as  in  prc^seiit  tield  carriage. 

The  body  of  limber  to  be  bailt  similarly  to  the  one  shown  iu  Beport  of 
Chief  of  Ordnance  for  1877,  Fif?.  39  of  Colonel  Benton's  report,  tbe  pintle 
hook  to  be  placed  as  near  to  the  limber  box  as  possible  con.sistent  with 
the  conditions  of  its  attachment  to  the  angle  irons  of  the  body.  This 
position,  it  is  thought,  will  give  an  angle  between  pole  and  trail  sufli- 
dently  great  to  tarn  iu  a  small  space  and  i-elieve,  as  far  as  other  neoee- 
sary  conditions  will  permit,  the  horses  from  the  weight  of  body  and  pole 
when  limbered  up. 

The  axle  and  bmke  must  be  t(»sfed  tirst,  and  it  is  to  be  reg^retted  that 
there  are  not  facilities  at  Waterviiet  arsenal  for  firing  at  an  elevation. 
To  ftre  at  all,  a  saudbatt  must  be  made,  and  as  the  sand  wonld  have  to 
be  hanled  some  distance,  the  cost  would  be  considerable. 

Should  the  ])roposed  changes  be  approved,  the  cost,  beyond  that  of 
the  plates  for  the  axle,  wonld  be  comparatively  little;  provided  it  be 
thought  isutiicieiit  to  test  the  axle,  using  the  brake  independently  of  the 
body  of  carriage — a  six-pounder  wooden  stock  and  cheeks  could  l>eused 
for  the  test.  Axle  and  brake  once  established,  the  problem  of  making  a 
snfTlcientlv  simph>  and  strong  body  wonld  not  be  difficnlt* 

liespectfully  submitted. 

A.  R.  BUFFINGTON, 
LieuUnant'Coloiiel  v/  Ordnancey  Commaddimg, 


Btpari  0/  the  trioi  of  a  carriage  of  metal  /or  d^incA  B.  L.  rifiey  «| 

WaiervUet  ar§mial,  Aprily  1882. 

Twelve  rounds  were  fired  j  at  the  last  the  (uirriage  was  rendered  uufit 
fbr  use  by  the  left  tmnnion  plate  heooroiug  detached  from  the  cheek 
the  shearing  off*  of  the  rivets  that  secured  the  plate. 

The  axle  withstood  the  strain  perfectly,  no  distortion  whatever  being 

pen^eptible. 

The  brakes  controlled  the  recoil  within  desired  limits;  the  caiiiage 
at  some  fires  bounded  from  the  gronnd  twice,  the  trail  being  at  first 
pressed  forcibly  into  the  ground,  t  he  wheels  finally  sliding  several  feet; 
the  ground  was  loam,  covered  with  sod. 

As  the  trunnion-plate  had  resisted  all  tiring  with  the  original  brake, 
its  failure  with  this  firing  must  have  been  due  to  the  new  brake.  The 
cap'Sqaares  bent  somewhat  at  each  fire  at  h>w  elevation.  The  elevating 
apparatus  might  not  have  broken  had  no  motion  taken  place  in  the 
truiniioii  br'ds,  but  this  apparatus  is,  in  my  jndjjment,  for  se\  eral  rea- 
sons, unsuite<l  to  the  gun.  With  any  elevating  apparatus  tbe  eheeks 
of  the  ciirriage  i>revent  over  15°  of  elevation  being  obt^iined,  whereiw, 
in  Lieatenant>Golonel  BniBngton's  Reports  accompanying  eleventh  in- 
dorsement. Ordnance  Office  letter  939,  of  1881,  he  refers  to  30o  of  el6V»- 
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tioD,  possibly,  being  desired.    Slionld  any  such  elevation  as  that  be 
{jiveii  to  the  piece,  the  8tren«;th  of  the  axle  as  now  con8tructe<l  would 
be  questionable,  as  the  bracing  is  placed  lo  resist  a  horizoutai  and  not  - 
a  vertical  coupooeDt  of  piessare. 

A.  MOBDEOAI, 
Major  of  OrdfuuMw,  Oommmding. 

Watbbtubt  Absbnil,  Aprii  26, 1^. 


Sfcord  o  f  firing  irilh  3.20-ificA  /?.  L.  rifle,  to  ieni  carriage  of  metal  made  under  the  Co^ 
atructor  of  Ordnance,  U.  S.  A.f/or  fieldaervioe — carriage  modijied  by  LL  Col.  A.  B.  Buf- 


Time. 


J 


Xlad. 


Powder. 

W«igbt. 


1W?2.  !  Lb$. 

April  l»   I.  K.(A.)  3 


I.K.(A.) 


4 
« 

6 

7 
R 
9 
10 
II 

IS 


AprillO  '  I.  K.  (A.) 
April  10  J.  K.  (A.) 
Aptfllt  I  LX.(A.) 


April  19 
April  19 
April  19 
April  19 
April  19 
April  19 


1.  K. 
I.  K. 
I.  K. 
I.  K. 
I.  K. 
1.  K. 
LK. 


(A.) 
(A.I 
(A.) 
(A.) 
(A  ) 

ili 


Projectile. 


Kind.  Weight 


tion. 


Lbs.  oz. 
12  U  1 


IS  11 


ooU. 


6  10 


Bemarlu. 


12  11 

S  10 

13  11 

« 

e  8 

IS  11 

• 

5  S 

12  11 

6  6 

12  11 

5  3 

12  11 

6  8 

\2  11 

7 

12  11 

13* 

e  6 

12  11 

m 

6  3 

12  11 

2 

7  6 

• 

Each  held 
vertical  bo- 
fore  flrinj; 

^^  II 1  (I  to  H 
»iH)kt>  nnil 
tliuA  ki<pt 
from  con- 
tact with 
wheil  till 
nfti  T  reooU 
began. 


Each  plnc«Ml 
in  contact 
^    with  wHmI^ 
before  fir- 
lag; 


Bicht  holt  attach- 
ing  elAvatinc  flx- 
tur«*to>:iin  brolie 
oB :  Hlii^ht  ilintor- 
tiiiB  of  trutinioB- 
platee  and  etp» 
Hquarea. 

L«ft  bolt  sttaohiDK 
olevatinR  flxtur» 
t4)  gun  broke  off, 
rtiudering  I'levat- 
\nK  apparatus 
UHt-lena ;  distor- 
tion of  i-an-nquare 
iucreasea;  right 
brake  Ml 
wheaL 


Distortion  of  cap- 
•qnwre  inereMcd. 


The  thrf^e  rivete 
attach  In  IT  left 
imunion-plato  to 
cheek  were 


[Nineteenth  indonenient.] 

Watbbtubt  Absbnal,  July  22, 1882. 

Bespectfnlly  retnraed  to  tbe  Chief  of  Ofdnanoe,  IT.  8.  A. 

After  coimultatiOD  with  Lieateoaot-Oolonel  Bafllngton  I  am  of  the 

opinion  that  his  Anews,  which  in  my  judgment  are  wortliy  of  trial,  can 
be  api)lied  to  the  carriage  now  at  this  arsenal;  these  features  relate  to 
the  recoil  check  and  the  elevating  ai»paratus.  * 

To  obtain  the  elevation  indieated  by  the  Lifrht  Artillery  Board  as  being 
desirable,  it  will  be  necessary  to  cut  away  part  of  the  angle-iron  along 
the  upper  edg«^  of  the  cheeks  and  stork;  should  the  carriage  be  weak- 
ened too  much  by  thivS,  1  projiose  to  restore  its  stitlriess  V)y  riveting  |)ieee8 
of  chauuei  iron  on  the  exterior  of  the  stock.  The  cheeks  of  the  carriage 
have  been  warped  by  firing;  they  will  have  to  be  straightened,  and  new 
tmnnioQ-beds  made;  these  last  will  be  formed  in  ])Iate8  CUf  iron  or  steel 
extended  down  sufficiently  to  strengthen  the  oheeks. 
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The  elevatinjGf  apparntns  proposed  will  consist  of  a  soat  tor  the  breech 
of  the  gtiD,  attached  to  two  aiiuBj  which  will  extend  to  the  re^  withia 
the  0tf)3r  «nd  be  secured  thereto  by  one  long  bolt;  through  a  erods>pieoe 
at  the  front  end  of  the  arms  will  paMs  a  screw,  its  general  direction  being 
horizontal,  and  its  front  end  attached  in  rear  of  tlie  axle;  the  sore'W  and 
the  arms  will  constitute,  us  it  were,  two  of  the  Hides  of  a  triauiilr,  the 
altitude  of  which  will  regulate  the  elevation  of  the  piecej  the  guu  rest- 
ing on  the  apex. 

The  recoil  check  now  on  the  carriage  is  to  be  slightly  altered  in  ehape 
and  to  he  provided  with  a  spring  to  OTeroome  the  want  of  elastioity  in 

the  system. 

The  present  carnage  might,  should  it  meet  with  the  views  of  the 
Bnrean,  be  need  to  tent  these  special  features;  but  it  is  the  opinion  of 
Lientenant-Colonel  Buffinp:ton  and  myself  that  a  new  carriage  with 
chc(d;s  nnd  trail  formed  difterentiy  will  be  required  for  introduction  into 

the  service. 

The  cost  of  altering  the  carriage  here  will  depend  greatly  uuoii  the 
ease  with  which  its  form  can  be  restored,  and  €he  necessary  stiffness  be 
obtiUned;  it  is  veiy  diftlcult  to  state  what  the  cost  may  be»  but  it  prob- 
ably  would  not  exceed  $200. 

A.  MOHDECAI, 
Major  o/  Oninance,  Commanding. 


When  I  assumed  command  of  this  arsenal,  November  2,  1881,  after 
Lieutenant-Colonel  Buffingtou  had  been  relieved  therefirom,  the  carriage 

referred  to  in  the  preceding  indorsements  was  ready  for  tHal^  bnt  was 
awaiting  the  manufacture  of  tlie  neeessary  projettiles. 

Before  the  ammunition  was  received  winter  hail  commenced,  and  it 
was  not  until  April,  1882,  that  the  weather  x>ermitted  of  the  carriage 
being  taken  for  trial  to  the  New  York  State  rifle  range  at  Bath,  near 
Albany. 

The  result  of  this  firinf(  is  set  forth  in  the  report. 

This  trial  developed  the  fact  that  the  attachment  of  the  trunniun- 
plates  to  the  cheeks  was  not  sufficiently  strong,  and  also,  in  my  opinion, 
showed  that  the  devatiog  apparatos  proposed  by  Lientenant-Colonel 
Buffingtou  was  not  suited  to  such  a  gun. 

In  the  coTisnltation  referred  to  in  the  j)receding  indorsonient,  Xo.  10. 
Lieutenant  Colonel  iiuiliu^t<>u  deemetl  an  elastic  brake-rod  desir<ibie, 
and  the  heavy  spiral  spring  in  a  metal  housing  was  proposetl  by  me. 

The  trial  of  the  altered  carriage  referred  to  was  commenced  at  tlie 
Sandy  Hook  proving  ground,  November  21,  1882.  Licntenant'CoIoDel 
Bullin;j:t(»n  and  I  were  present.  The  reeord  of  that  tiring  is  given  in  the 
Report  ot  the  Chief  of  Ordnance  for  1883,  pages  320  and  327,  and  a  de- 
scription of  the  carriage,  denoted  as  Ko.  1,  is  given  in  the  same  report, 
page  319. 

At  this  trial  Lieutenant-Colonel  Bntlington  did  not  consider  the  spiral 
sprinjr  hdA  Itonsiiifron  brake-rod  satisfactory,  and  later  proposed  to  me 
a  brake-rod  which  he  characterized  as  "simpler,  less  expeiiijive,  more 
dunible,  and  would  give  better  results  if  pro]>eily  ma<le."  It  consisted 
of  a  flat  bar  of  low  steel,  s])riug  temper,  bent  into  broad  corrugations, 
whose  axes  were  perpendicular  to  the  length  of  the  bar,  thus  providing 
for  the  extension  and  contraction  of  the  bar,  as  in  a  spiral  sprincr. 

As  the  sprin<]f  tried  with  the  carriage  ha<l  ;;iven  such  j;ood  n'sulns, 
and  as  I  doubted  the  successful  operation  of  the  new  device,  it  was  not 
tried  by  me  in  the  oonstmetion  of  carriages  made  snbseqaently. 
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The  continued  trial  of  carriage  No.  1  proved  the  success  of  the  altera- 
tions relating:  to  the  axle,  brake,  and  cheeks.  The  tianpfinp:  of  the  metal 
plates  of  this  carriafje  had  been  a  ditticult  and  expensive  operation,  and 
the  luuaufactureof  carriages  upon  this  plan  would  necessitate  a  special 
fnrnaoe  and  a  large  hydraoUe  press.  In  view  of  these  facts,  and  of 
experiments  that  had  been  nuule  in  Bnglaud  with  carriages  of  different 
constrnction,  I  8n<;?('sted  to  the  Bureau  tliat  the  flrat  metal  oarriage 
made  by  the  Depailiuent  ini«ifht  be  altered  tor  trial. 

The  action  Uikeu  in  this  matter  is  shown  b>  the  following  letter  and 
its  indorsements: 

Watervliet  Arsenal, 
Wett  Drot,      i\,  JJeotmber  21, 18d3. 

The  CRiav  or  Okdmanos,  U.  8.  A., 

JVashington,  D.  C. : 

Sib;  I  would  reapeotftUly  suggest  for  the  consideration  of  the  Bateau  the  prsotdea- 
ySUty  of  altoriag^iiie  flnt  menu  Held  oarriage  madn  for  the  3.18-inch  B.  L.  rifle,  de- 
■iSlibcd  ill  the  report  of  the  Chief  of  Onlnaiice  ff)r  Irt-'O,  in  such  ii  in.iiuu  r  jis  to  render 
it  Bufficieutly  strung  and  bettor  adapted  than  it  isatpreseut  to  meet  the  requiremeats 
of  aerviee. 

Thp  chan<^e.s  proposed  would  be : 

1.  Substitute  a  new  steel  axle  fitted  with  Archibald  wheels,  like  those  that  have 
been  obtained  tot  the  experimental  axtiXkfj  earriagee  in  eooieeof  fftbrioation  at  thin 

amennl. 

2.  Apply  to  the  axle  two  steel  plates,  as  u^ed  by  Lieuteuant-Colonel  Buffiugtou  on 
the  3.20- iiu-h  carriage  No.  2,  altered  here  recently. 

8.  Add  t  he  spring  wheel-bFakee,  as  on  carriage  No.  2. 

4.  Strengthen  the  eheeke  of  the  oarria;L;(»  by  steel  castingH,  as  on  carriage  No.  9, 
The  c.ii  riagt"  so  altered  woald,  it  in  believed,  bt^  strong  and  serviceable,  and  VOOld 

give  a  construction  more  simple  and  cheaper  than  that  of  carriage  No.  2. 
The  toial  of  the  carriage,  the  trail  beiiig  of  eleel  platee  etlflened  by  anrie-innt 

riveted  on,  would  be  of  valne  in  connection  with  experiments  made  in  £ngUUldt 

ported  by  Mr.  H.  J.  Butter,  peses  14  and  15,  Orduance  Notes,  No.  19.'>. 
Yecy  tespeetftally,  yonr  obedient  Mrvant, 

A.  MORDECXi, 
Major  of  Ordnance,  Commanding. 

[flSBOad  Ipdorsement.] 

Thx  Okdkamcx  Boakd,  U.  S.  A., 

Yorkt  tTammary  2,  1883. 

Respectfnlly  returned  to  the  Chief  of  Ordnance,  U.  8.  A. 

Experiments  at  Sandy  Hook  indicate  that  the  wooden  carriages  provided  with  trails 
of  perfectly  sound  material,  with  a  new  box  of  wroaght-iron  or  cast-steel  for  the 
elevating  rn-rew,  and  with  the  .spring  brakes  proposed  bj'  Lieuteuant-Coliniel  Bnfflng> 
ton,  will  be  serviceable  with  the  3.20<inch  guns  liriug  a  2^  pound  charge. 

In  the  opinion  of  the  Board,  however,  metal  field  •eaniaffeo  sf  mlhir  to  the  one  within 
referred  to,  and  modified  as  suggested  by  I.ifiitni ant-Colonel  Mordecai,  are  deemed 
far  superior,  and,  when  tried  in  uctnal  Hcrvice,  would  give  valuable  informatiou  not' to 
be  obtained  with  the  wooden  earriuge,  and  therefore  recomniende  that  6  of  tiieeeear* 
riages  lie  mannfactured  for  the  3.20-ineh  gunN  on  hand  as  early  »h  praeticablc,  to  re- 
place the  wooden  ones,  if  it  is  deemed  a<lvisaide  to  issue  the  latter  temuorarily.  If 
this  recommendation  is  approvt;d  gun  carriage  No.  1*  now  at  Sandy  Hook,  aliottld  bo 
sent  where  the  eaniagee  ace  to  be  uianufaotored. 

For  the  Boaid. 

T.  G.  BAYLOR, 
Lieulenant- Colonel  of  Ordnance,  Prf  idont  vf  the  Bomrd, 

IXhizdtBdmMHMBt) 

Orpvaxck  Office,  Jannarif  4,  1883. 

Beepeotfnlljr  returned  to  the  commanding  officer  of  Watervliet  Ameuai,  with  ihp 
■InieNone  to  make  6  metal  fleld-gon  earrlagee  without  limbers,  ae  recouitnended  by 

the  Ordnance  Board  in  preceding  indorsement. 

It  is  desired  thut  ibey  be  made  without  delay  so  that  they  cau  be  issued  early  in  the 
spring.  The  Ordnance  Board  has  been  inatnietod  to  Mod  Um  the  ej^erimental  metal 
Mld>gnn  OMxIage  Ikom  Sandy  Hook. 

S.  V.  BENfiT, 

0101  OBD  84 
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To  comply  with  the  iostnictloQS  in  the  preoedinif  id  dorse  men  t,  steps 
v^erv  at  onro.  tnkcn  to  commenoeas  floon  as  practiusable  the  fabrieatioa 
of  inetai  tiehl  cr.n  iaj^es. 

Several  inaiiuliicturers  were  called  upou  to  state  the  qiiiility  of  steel 
plates  apd  axles  they  eoald  farnlsh  and  the  tlnie  within  which  detiveiy 
could  be  made. 

The;  (rail  j)Lite8  ai)d  axles  woro  ordered  Febniarv  5,  the  former 

wer<'  received  at  the  arsenal  hy  March  lo  and  thi-  hitter  by  Man-h  21. 

Some  dehiy  occurred  in  determining  tlie  proper  dimensionti  of  the 
azle-plates,  and  it  was  not  nntO  Febraary  20  that  otders  were  giveD  to 
the  Albany  and  Bensselaer  Iron  and  Steel  Company,  of  Troy,  for  the 
manufacture  of  the  ens-t-iron  die«  necessary  to  form  the  phite?.  The 
dies  were  only  completed  the  middle  of  Apnl|  and  the  plateib  were  de- 
livered by  April  20. 

As  the  exaet  form  of  the  cheeks  had  to  be  fixed  and  pattema  made, 
an  order  for  these  castings  and  those  for  the  lunettes  was  not  given 
to  the  founders  till  Fel)ruary  27;  it  was  the  0th  of  April  before  any  of 
tliese  castinprs  were  received. 

In  the  mean  time,  as  this  arsenal  was  not  prepared  for  the  work  to 
be  taken  in  hand,  machines  had  to  be  repaired  and  flttsd  np  and  templets 
and  tools  made,  so  that  it  was  the  middle  of  April  before  the  caniagss 
were  fully  under  way. 

On  .Tune  18,  1883,  the  Chiei  of  Ordnance  was  requester!  to  authorize 
I  he  first  of  the  six  carriages,  then  about  completed,  to  be  sent  to  the 
Sandy  Hook  proving  gronnd  for  trial  by  the  Ordnance  Board,  to  test 
the  elevating  apparatus  and  to  develop  any  marked  points  of  weakness 
that  might  exist. 

The  eaniaire  was  received  at  Sandy  Hook  June  L'(I,  and  was  tried  by 
the  Ordnance  Board.  The  report  upon  this  trial  appears  in  the  Keport 
of  the  Chief  of  Ordnance  United  States  Army,  for  1883,  page  313. 

The  report  of  the  Board  was  concnrred  in  by  the  Chief  of  Omdanee 
and  was  transmitted  July  6, 1883.  to  the  eoinniamlinj!;  officer,  Watervliet 
Arsenal,  with  direetions  to  take  *'the  necessary  action  to  cover  the  olh 
je<;tiouH  raised  by  the  Board  in  regard  to  the  brake." 

The  points  of  objection  referred  to  were: 

1.  'I'lu5  trail  haiulsinke  \h  too  li^lit,  and  wliilo  the  uiethoil  of  ntt<tchii)eut  is  con- 
sidi'i  <  il  the  best  yet  submitted  to  the  Board,  it  is  beheved  that  a  wooden  handspike 
with  tUo  Mme  attachment  would  not  be  susceptible  to  beoding  from  its  own  inertia 
•nd  TTonld  h«  eiMii^r  to  handle. 

2.  Thf  tiialv  s  >hould  not  t<!riv.I iiiit r  in  an  t-ye,  l)u{in  a  hook  with  a  liiiT<  ov,  r  r.ba 
opeuiug  to  uecnre  it.   Thus  arranged  it  may  be  more  readily  replaced  if  iiyurcd. 

3.  Tne  gnlde  rods  for  the  bea<l  of  the  elevating  avrew  shonfd  be  prewnted  fton 
8(  Vtnratir  ir  it  thfir  junction  with  the  trunnions.  This  was  effected  IMVS  by  bttlT- 
iuii"  11)1  tiie  end»  of  these  small  trunnions  projecting  from  the  head. 

-1.  It  18  not  known  whether  or  not  the  brakes  are  intended  as  a  nnbHtitnte  foriW 
chain  in  locking  the  carriage  when  passing  over  a  <lt'(  livity.  If  80,  it  is  thoin;lit  th  .T 
there  may  be  difllculty  in  releasing  them,  ita  is  Ufeually  done  when  near  the  end  oi 
descent ;  that  it  may  V>o  necessary  for  this  purpose  to  stop  and  back  the  carringe,  which 
woold  be  a  tioablesoine  operation  in  any  case,  and  impractieable  if  seTend  oaxfiafta 
were  in  oolnmn. 

The  steptt  lakeu  to  correct  the  defects  noted  above  were : 

1.  The  stem  of  the  handspike,  embraced  within  the  iron  pipe,  was 
len^hened,  and  by  meaus  of  strips  of  hard  wood  was  made  to  fiu  tbo 
cross-seetion  of  the  pipe.  Tins,  it  was  thonp^ht,  would  overcome  the 
ditlieiilty,  and  the  work  had  progretised  too  tar  for  an  economical  intro- 
dnctiou  of  a  wooden  handspike. 

2.  A  hook  with  a  link  and  pin  or  key  was  placed  npon  all  the  brakes. 
The  gnide-Tods  fi»r  elevating  screw  were  seemed  on  the  tmniiiQas 
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by  nuts.  The  two  rods  are  in  addition  held  together  by  a  separator 
whose  ends  pass  tlirongh  tbe  rods  and  tei  rniniit*^  in  a  tlin  ad  and  nut. 
If  found  necessary  in  service  the  ends  of  the  t  riuniionH  Ix  yond  the  nuts 
ean  be   burred"  to  prevent  nuts  Iroui  possibly  working  loose. 

4.  Though  Lientenant-OolonelBaffiiigtaii  wagstfongly  of  the  opinion 
that  the  brake  for  checking  recoil  was  entirely  enited  for  use  in  travel* 
ing,  it  was  tfion^jht  best  to  provide  other  means,  and  the  last  four  car- 
riages liuished  were  fitted  with  a  steel  Hho«^  and  iron  lock cliain. 

The  general  construction  of  the  six  carriages  wiis  the  same,  with  the 
exception  that  three  had  no  axle  seats  for  cannoneers,  and  two  had 
trail  handspikes  of  wood,  with  ]Miiiiting  rings. 

Bonir  slight  diflV  renccs  in  the  brakes  and  elevating  screw  guides  will 
be  noted  hereafter. 

aOMEHCLA  TUBE, 

(Plates  I,  II,  and  HI.) 

1  nxlo. 

2  ax li'  plates,  attached  about  axle  by  45  rivets. 
2  brake  eyes. 

2  lincb  washem. 

2  linchpins,  including  2  clasps  and  2  rivets. 

2  cheek  and  trail  plates. 

2  cheeks,  attaciied  to  cheek  and  trail  i)]ates  each  by  X3  rivets,  and  to 

axle-plates  each  by  2  bolts  without  nuts. 
2  angle  frames,  attached  to  cheek  and  trail  plates  each  by  53  rivets, 

and  to  axle-plates  each  by  2  bolts  and  2  nnts. 
■  1  Innftle,  attached  to  trail  by  10  rivets, 
1  front  transom,  attached  to  cheeks  by  2  rivt  ls  at         i  nd. 
I  middle  transom,  attached  to  sides  of  trail  by  S  boiii>  aud  3  nuts  at 

each  end. 

1  rear  transom,  attached  to  sides  of  trail  by  2  bolts  and  2  nnts  at  eac1\ 

end. 

1  under  transom,  attached  to  sides  of  trail  by  2  bolts  and  2  nnts  at  each 
cud. 

1  tie-bolt,  1  nnt,  1  separator. 

2  cap  squares. 
2  chin  bolts. 

2  key-bolt*;. 

2  keys,  2  key  chtiins,  2  rings,  2  eye  pins. 

2  tratl-haodles,  3  bolts  (1  long,  2  short),  3  nuts. 

2  foot  attachments  for  handspike,  one  with  1  fixed  pin,  one  with  1  moT* 

able  pin,  and  1  key;  4  bolts  without  nnts. 
1  trail  ha? h1  spike,  composed  of — 

1  body. 

1  casing  (piece  of  ga«  pipe). 

1  cap. 

2  strips  of  wood  for  filling. 

4  r'vf»t«. 

1  cross-bar  with  1  Y  for  supporting  handspike  when  turned  up,  at- 
tached to  trail  by  1  rivet  at  each  end. 
1  tool-box,  composed  of— 

1  bottom  plate,  attached  to  trail  by  8  rivets. 
1  up[)c  r  end  plate  attached  to  trail  and  bottom  by  6  rivets. 
1  lower  end  plate  attached  to  trail,  bottom,  and  cross-piece  by  8 
rivets. 
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1  cross-piece  with  eye  sfnd  for  lock,  attached  to  trail  by  2  rivets; 
1  lid,  1  hinge,  uud  1  hiuge-plat43  united  audatUiched  to  trail  and 
upper  end  plate  by  II  rivets;  1  padlock ;  1  chain  fastened  by  1 
eye-pin  riveted  to  eros8*t>ar  for  Y* 

1  block  into  which  are  cut  reoesses  fbr  tooISt 

1  elevatinp:  apparatus,  composed  of— 

1  large  screw. 
1  small  ficrew. 

1  nut,  2  key-plates,  and  2  screws. 

1  large  ge^r-wheel. 
1  small  gear  wheel. 
1  shaft,  2  nuts. 

1  hand-wheel. 

2  jonmal  boxes,  formed  eaoh  of  1  plate  to  which  a  hOM  is  riveted. 

3  bolts  and  3  Date. 

2  fTiiide-bars. 

1  tie-bolt  and  2  nuts ;  1  f>t'inirator. 
1  elevating  screw  bolt  and  2  nut^. 

2  feooU-brakes,  oompoeed  each  of— 

1  front  bar  with  hook,  1  link. 

1  pin. 

1  real-  bar  with  shoe,  1  nut,  1  pin.  > 
1  housing,  1  pin,  1  key,  1  key-screw. 
1  spring. 
2  axle-seats,  composed  each  of— 

1  bottOTIh 

4  RtandartiH,  attached  to  bottom  each  by  2  rivets. 
1  upper  baud,  attached  to  staudards  by  8  rivets. 
1  lower  band,  attached  to  standards  by  8  rivets. 

3  springs,  attac  hed  to  scat  eaoh  hy  2  rivets^  and  to  axle-plataB 

each  Dy  2  bolts  and  2  luits. 
1  foot-rest  for  right  seat  (carriage  iioibered),  composed  of— 

1  side  bar. 
2ero8S-barB. 
G  rivets. 

1  ftwt-rest  for  left  seat  (carriage  limbered),  composed  of— 

2  step-bars  terminating  at  upper  end  iu  hinge,  iastenod  to  aiie> 
plates  each  by  2  bolts  and  2  nuts. 

1  step-plate,  attached  to  bars  by  12  rivets. 
1  l^e-ohain  and  1  toggle,  fhstened  to  bottom  of  seat  by  1  Wdle 
and  2  rivetH. 
1  traveling  brake,  composed  of— 
1  shoe  J  1  ring. 

1  lock  chain,  m  three  parts;  1  toggle. 
1  loose  ring. 

1  eye- bolt,  1  washer,  1  nut. 

1  securing  pin,  rivetod  into  axle-plates. 

▲TTAOHMBNTS. 

For  sponges  and  rammers, 

1  D-ring,  1  plate,  2  staples,  2  rivets,  by  whioh  plate  is  attached  to 

cheek. 

1  foot-nng,  attached  to  cheek  by  one  of  the  roiddla  tnnsom  bolts^  and 
to  axle- plates  by  one  of  the  seat  spring  bolts. 

2  hooks  riveted  into  sides  of  trail. 


Digitized  by  Google 


RT  OF  THE  CHIEF  OF  OBDHAHCB. 


649 


For  ree&U  brake$. 

2  chains  aiul  liaspn. 

2  eye  pUtes,  attaehed  to  trail  each  by  2  rivets. 

2  tornbaokles,  riveted  to  2  studs,  wMcfa.  are  riveted  to  taoL 
2  wheels,  composed  eaoh  of— 

1  bub. 

1  front  flauge. 

1  bub -band. 

8  hab-bolts  and  S  nuts. 

16  spokes. 

8  fellies. 

IG  folly  rivets  and  burs. 

8  dowels. 

lUre. 

8  tire*1)olt8,  8  nats,  and  8  washers. 

MAT£SLLLS, 

With  the  view  of  reducing  the  dimensions  of  the  parts,  and  thus  di- 
minish the  weight  without  detriment  to  strength,  steel  was  empJoyedy 
except  where  no  advaut4ige  could  be  gained  tliereby. 

The  materials  used  and  the  parties  by  w  hom  maoufactored  were,  in 
general,  as  follows,  viz : 

Axles.— Steel,  open-hearth,  fkom  Midvale  Steel  Works,  Nicetown,  Pa. 

A\U' plates.— Steel,  Bessemer,  *Mead  soft,' Albany  and  BensMlaer 
Iron  uiul  Steel  Company,  Troy,  N.  Y. 

Cheek  and  trail  plates. — Steel,  open-hearth ;  0  from  Nashua  Iron 
and  Ste^l  Company,  Nashua,  N.  H.,  and  0  from  Otis  Iron  and  Steel 
Company,  Cleveland,  Ohio. 

Cheeks.— Steel,  oast  and  annealed,  from  Chester  Steel  Castings  Com- 
pany, Chester,  Pa. 

Angle-frames. — Steel,  Bessemer,  "  common  stock, '  Albany  and  Bens- 
selaer  Iron  and  Steel  Company. 

LnnetteB.^Fiye,  steel,  cast,  and  annealed,  Chester  Steel  Castings 
Company  ;  1  wrought  iron,  best  hammered,  forged  at  arsenal. 

Transoms. — Steel,  Bessemer,  common  stock,'' Altiany  and  BenssO' 
laer  Iron  and  Steel  Company. 

Cap-squares  and  chin  and  key  bolts. — Steel,  open-hearth,  Naylor  St 
Co.,  Boston,  Mass. ;  made  for  the  purpose. 

Brake  eyes.— Steel,  very  tottgh,  suitable  lior  sledge-hammers;  from 
stock  on  hand  at  arsen^) 

Tool  box. — Steel,  houiogeueous,  open-hearth,  Paik,  Brother  &  Co., 
Pittsburgh,  Pa. 

Screws. — Steel,  upen-hearth,  Oantier  Steel  Department^  Cambria  Iroii 
Company,  Johnstown,  Pa. 

Nuts,  gear-wheels,  and  liand  wlu'els. — Bronzo  ;  cast  at  arsenal. 

Jonrna!  boxes. —  Plates  of  wrought  iron,  rolled  j  bosses  oi'  wrought 
iron,  hammered ;  all  of  good  i|uality. 

XXCOIL  BEAXaS. 

Front  bar. — Wrought  iron,  Norway. 

Rear  bar.— Steel,  open-hearth,  Naylor  &  Ga;  made  for  the  pnrpOBO. 

HonsinfT. — Wronjrht  iron,  good  quality. 
Spring. — Spring  steel,  best. 
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A1UX-0BATS. 

Bottoms. — i5teel|  iiomos^eueuus,  ui)i3u-Ueurtii,  Purk,  brother  &  Ck>. 

Standards.— Wroaght  uoH)  Borden's  best 

Upper  baud.— Copper,  oold-roUctl. 

Lowor  b:ni<l— Strol,  opea-liearthi  Naylor  &  Co. 

Springs. — JSpriug  steel. 

Foot-rest  bars. — Wrought  irou,  common. 

Foot-rest  plates.— Steel,  opeu-hearth,  l^aylor  &  Co. 

Rivets. — Wrought  iron,  of  good  quality,  Burden  Iron  Gompanj,  Tioy, 

Bolts. — Steel  and  Norway  iron. 
Kuts. — Wrought  irou,  cold-pressed. 

Minor  parts. — Steel,  Norway  irou,  aud  Burdeu's  irous,  B.  B.''  and 
<«H.B.&S.'' 

Shoe  of  traveling  brake^— Steel,  suitable  for  sledge-hammers. 

WHKKLS,  ARCUlBJkLD  i'ATTSair. 

(Hftde  by  Avohtbald  Wheel  Compaayf  Lftwrence,  IfMa.) 

Hub,  tiauge,  and  baud. — Cast  iron,  Gray,  best  quality. 
Spokes  and  fellies. — Oak. 
Dowels.— 'Wrought  iron. 
Tires..— Steel. 

OONSTRUOTION. 

The  axles  as  received  were  forged  to  general  shape;  the  arms,  shoal" 
ders,  and  body  were  turned,  the  latter  to  a  true  eylinder  3  Inches  In 
diameter. 

The  axle-plates  were  by  the  mannfaetnrprs  rolled  in  plates  thrc^ 
f'iL'liths  of  nn  inch  thick  and  then  j^ivcn  the  required  form  by  <lics 
uuder  a  heavy  steam-haunner.  Great  oare  was  necessary  to  prevent 
these  plates  from  warping  and  cooling.  True  contact  between  uie  axle 
and  plates  was  obtained  by  planiag  the  groove  in  the  plates  with  a  tool 
Avlutsc  section  was  thnt  f>f  t!ie  ■\x]o.  Tlie  plates?  were  then  out  to  shape^ 
di'iiied,  aud  tlie  recesses  ujade  ior  the  brake-eye  taugsi. 

The  brake  eyes  were  dovetailed  into  the  shoulders  of  the  axle  ;  lateral 
movement  was  prevented  by  the  plates,  which  also,  by  fitting  over  a 
horizontal  tang  to  the  base  of  the  eye,  scoured  the  axle  from  possible 
rotation  within  the  plates. 

Aft  (  I  nil  )>arts  had  been  accurately  fitted  the  plates  w  ere  riveted 
about  the  axles. 

The  cheek  and  trail  plates,  ftve-sixteenths  of  an  ineh  thick,  were 
obtained  in  a  trapeaoidal  shape.  A  plate  was  first  cut  to  required 

form,  (1(  tcrmiMff]  l»v  :i  f<'in|>Tet :  it  was  then  beiiT  to  t!n'  |»r'»]>er  angle 
aloii;;  the  imc  on  which  lite  eiieekaiid  anjrlc  fraiin'  joui  ;  uexi  tlic  check 
and  the  angle-frame  were  fitted  to  the  plate,  the  rivet  hole6  drilled, 
and  these  parts  riveted  together. 

The  angle-frame  was  formed  from  a  bar  of  angle  steel  1^  inch  by  U 
inch,  bent  at  the  ]M>itit  of  the  trail,  w  here  a  part  of  one  t1  nmo  was  CUt 
away,  and  the  retniired  shape  was  <j;iven  tiie  frame  on  a  tbrtiier. 

The  cheek  and  trail  platen,  w  ith  the  parts  that  had  been  riveted  lo 
them,  were  now  brought  together  and  united  by  temporary  attach- 
ments till  the  lunette  aud  front  transom  had  been  riveted  in  plaoe;  the 
other  transoms  were  then  fitted  and  secured  by  their  bolts. 
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The  chin  and  key  bolts  and  the  cap  sqaaren  were  next  fitted,  and 
then  the  trunnion-bedH  and  cap-sqnares,  and  the  axle-beds,  both  of 
whicli  beds  form  part  of  tlu^  cluM^ks,  \v»Te  bored  out  in  a  latho. 

To  diminish  as  much  ms  j>f)ssil»le  the  weight  on  the  trail,  the  trunuion- 
heda  are  placed  as  tar  as  appears  advisable  in  iiont  of  the  iixis  of  the 
axle. 

The  body  of  the  carnage  was  attached  to  the  axle  after  the  surfaceB 
of  contact  alono:  the  cheek^s  had  been  planed.  The  bolte  drew  theee 
part!^  to  n  true  bearinsr. 

The  elevating  appai-atii»  is  similar  in  general  construction  to  one 
nsed  in  the  Itanan  field  artfllery,  bat  the  arrangement  of  the  nnt  and 
gear-wheels  was  suggested  by  Mr.  A.  P.  Casey,  then  master  machinist 
at  the  tirsenal,  ^rithout  .any  knowledffo  tliat  it  iiad  been  n^ed  before. 

The  outer  sere w,^ which  is  rotated  by  tlie  huge  gear-wheel,  serves  as 
a  nut  to  the  inner  screw,  and  the  latter  is  prevented  fro.ii  turning  by 
the  gaide-bais.  A  spline  in  the  large  gear-wheel  working  in  a  groove 
Id  the  ontside  of  the  large  screw  ctiuses  these  two  to  torn  together, 
the  screw  moving  through  the  nut  and  the  wheel;  the  two  key-platen 
with  their  screws  secure  the  large  j^ear  wheel  in  contact  with  the  nut. 

The  nut,  being  journaled  to  the  trail,  carries  with  it  the  screws,  gear- 
wheels^ shaft,  and  hand-wheel. 

The  guide-bars,  straight  rods,  are  attached  to  theinser  elevating  screw 
by  the  nuts  on  each  end  of  the  bolt  that  passes  through  the  head  of  the 
screw:  the  front  ends  of  these  bars  are  secured  by  nut^i  to  prolonga* 
tious  of  tne  upi3er  bolts  that  attach  the  middle  transom. 

On  the  recoil-braked  the  shoes  are  ma<le  of  extra  thickness  at  the 
beel,  that  being  a  point  at  which  some  preiioasly  made  showed  weak- 
ness. The  springs  are  of  bars  ^^.^  inch  square;  they  were  tested  and 
compressed,  that  a  permanenr  set  miirht,  if  possible,  be  given  to  them; 
the  force  required  to  compress  them  win*  about  1,40U  pounds,  the  varia- 
tion not  being  great.  A  shoulder  upon  the  interior  of  the  housing  pre- 
yents  the  spring  from  dosing  upon  itself!  The  nut  on  the  rear  'jar  is 
prevented  from  turning  by  a  pin  inserted  parallel  to  the  length  of  the 
bar.  rhe  link  over  the  hook  is  held  iu  place  by  a  Din  through  the 
point  ot  t)ie  hook. 

The  axle-seats,  being  entirely  experimental,  were  not  placed  upon  all 
the  carriages;  wherever  introduced  one  was  faced  to  the  front,  the  other 
to  the  rear,  that  the  best  position  might  be  determined  by  trial. 

It  was  thought  that  for  breech-loading  guns  the  earjnonier  might  ride 
facing  to  the  front;  a  more  agreebie  position  and  one  allowing  ttje  rest 
for  the  feet  to  be  simple  and  above  the  axle. 

The  traveling  brake  has  a  stoat  steel  shoe,  with  short  sides  raised  at 
the  points  where  the  tire  and  felly  will  bear;  the  lock-chain  is  of  the 
same  coiistrnetion  as  that  n-^ed  on  the  present  siege-frtii!  cMrriajie,  allow- 
ing the  shoe  to  be  removed  from  the  wheel  without  stopping  the  car- 
riage. 

It  is  believed  that  the  necessity  for  a  shoe  Is  marked,  as  the  weight 

of  the  carria;,^e  and  guji  is  such  that  with  a  simple  lock-chain  the  tire 
of  the  wheel  would  soon  be  worn  out.  A  travf^liu^-  brake  operated  l)y 
a  lever  or  screw  was  considered  too  uoiapUcated  and  heavy  for  such  a 
carriage. 

The  Light  Artillery  Board  of  1881  recommended  that  wheels  of  the 
Archibald  pattern  should  be  tried  on  field  carriages,  and  they  .were 
therefore  osed. 
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The  Aiehibald  Wheel  Oompany  daims  for  their  wheels  fbe  IbOowiiis: 

By  niMins  of  onr  patent  prem  prooew  of  tnannfaoture,  every  joint  In  both  apokta  aod 
fellicfi  is  pn-ssetT  to<^ot1ior  u  itli  ^m-h  t'nr  .  un  i  aoevrai^  thst,  wi A  the  itow  we  Hie, 
oar  wheels  will  stand  always  iu  atur  climate. 

Omr  itoek  is  iaTBuiably  sMtonea  two  yMis  nttdor  ooTor  hi  ibo  single  spoke  and 
felly. 

Each  wheel  is  put  together  with  a  pressaro  tweatj'five  times  greater  thaa  aoj 
weiffht  it  will  heve  oa  It  elterwardfl»  and  Mnaaqnontiy  it  eannot  bo  erashed  by  ovon 

loaning. 

On  acconnt  of  this  pressnro  the  spokes  can  never  "  work  iu  the  hub/'  not  cau  *uy 
moisture  get  within  the  hub  to  rust  or  rot  the  spokes. 

They  will  stand  more  abuse  aud  olimatic  changes  than  any  other  wheel. 

Tires  properly  put  on  need  never  be  reset,  io  any  climate,  until  worn  out. 

Tboy  will  i  nn  cisitT  and  longer  OH  tlio  oamo  <riliiig  than  ony  otiior  wlieol,  aa  they 
Are  perfectly  true  io  all  respects. 

To  leplaoo  «  box  and  tliat  portion  of  the  hnb  etteobed : 

Uuscrew  and  remove  the  front  hnli-hand,  tako  off  tho  hnb-nnts,  nnd  tho  box  will 
easily  drive  ont.  The  box  is  easily  put  on  again,  atier  which  screw  on  the  fronA 
hub-band.  The  tire  being  on  will  hola  the  wood  nart  so  that  it  oannot  move  wliile 
the  hnb  is  beiug  taken  oflf.  Tliis  hnb  or  box  is  as  nrni  and  true  or.  the  whiM-l  as  was 
the  first  ouo.  It  can  be  done  bv  anybody,  and  in  a  few  moments'  time,  and  at  iesa 
expense  than  any  other  l>ox,  and  oennot  be  done  wrong. 

To  replace  a  spoke : 

After  the  tire  aud  felly  on  the  injured  spoke  are  taken  off  (and  iu  taking  off  this 
felly  it  is  not  necessary,  on  aciMtnnt  of  the  peculiar  dow<>l  used,  to  start  off  any  other 
lelly),  take  out  only  the  bolt  that  passes  throogh  the  injured  spoke:  saw  off  tbis 
spoke  as  close  to  the  tanb  as  possible,  and  bore  or  dij^  ont  the  spoke;  dnvo  Io  the  do- 

plicaff  spoke  as  far  as  possibU'.  and  ari  an<;»»  tin-  t«  non  at  the  felly  so  that  tin'  ttrt-  may 
press  the  snuke  about  one- eighth  inch  farther  into  the  hub,  aud  after  the  tire  ia  on, 
pnt  in  the  Jinb'bolt. 

The  wheels  for  thene  carriages  ba\  t*  iire^  of  steel  one-half  inch  thick, 
the  edgea  rotmded  and  extendiug  beyond  the  ihcea  of  the  felliea. 
The  (lowe]8  used  with  these  wheels  are  triangalar  pieces  of  flat  wTong>ht 

iron. 

Each  carriage  is  providcfl  witli  attachments  tor  2  sliort  sjionu^ess  and 
rammers,  and  the  tool  boxes  are  arranged  for  V  cokl  chisel,  I  lile  6  inches 
long,  1  riveting-hammer,  1  oiler,  1 1  tin -driver,  1  har-wroDisb,  and  1  serew- 
wrench,  all  secnred  to  the  block  by  loops  and  buttons. 

DIFFEBBNOES  OP  CONSTRUCTION. 

The  carriages  are  nnmbered  from  1  to  6,  inclosi^'e,  stamped  oo  fhmt 

edpe  of  cheek. 

The  preceding  nomenclature  and  description  and  the  drawings  applj 
strictly  to  No.  3.  In  this  one  the  cheek  and  trail  plates  are  of  Naahna 
steel. 

No.  1  has  no  seats;  the  brakehonsings  have  no  stop,  the  springs 
being  allowed  to  close  upon  thomselves;  the  link  ou  one  brake  is  se- 
cured by  a  pin,  on  the  other  by  a  wedge  passin^^  under  the  link;  the 
brake^yes  are  lighter  than  on  No.  3.  The  axle-plates  are  of  common 
stock  the  cheek  and  trail  platt^s  of  Otis  steel  The  sponges  and  ran- 
mers  are  cnrried  one  on  each  s^idr  of  trail. 

Ko.  2.  The  cheek  and  trail  plates  are,  one  of  Otis;  the  other  of  Nashua 
steel  'f  the  Inuette  is  of  wrought  iron. 

No.  4has  noseats:  the  guide-bam  to  elevating  screw  are  not  straight, 
and  have  no  tie-bolt  and  separator:  rhe  brake  links  are  secured  by 
wedges.  The  shoe  of  the  right  brake  (carriage  limbered)  lias  ri\  i'(e<l  to 
the  outer  surface  a  piece  of  Hlieet  iron,  bent  to  triangular  form;  tho 
brake  being  placed  to  the  rear  of  th«  wheel  when  travttling,  tho  iron 

rests  near  the  sarfooe  of  l^e  tire,  and  serves  for  a  mnd-somper;  the 
brake  is  prevented  £rom  being  carried  over  the  wheel  by  a  chain  hooked 
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to  Khoe  by  an  eye-pin  and  ring,  the  othm  end  being  welded  into  a 
ring  in  an  eye>pin  riveted  t<>  t\w  axle-plates ;  this  chain  when  not  in  use 

with  nmd-8craper  is  passed  Ihronjrh  a  ring:  in  a  second  eye  pin  in  axle- 
plates  and  tiins  secured.  The  mud-scraper  is  a  design  of  Lieuteuant- 
Golonel  Bufiington. 

The  ttail  handspike  is  of  iron,  with  two  pointing-rings,  same  as  on 
wooden  Held-gnn  carriages;  two  are  carried,  one  on  each  side  of  trail, 
witli  a  sponge  and  nunmer  above  them ;  the  front  end  of  handspike 
passes  through  a  ring  hinged  to  a  stn<1  bolti'd  to  the  axle  plates;  the 
rear  end  is  secured  by  a  ring  aud  hook  as  with  the  rammer.  The  cheek 
and  trail  phites  are  of  Otia  ateel. 

Ko.  5.  The  brake  honsings  have  no  stop  fbr  spring;  the  brake-links 
are  secured  by  wedges. 

The  gaide-bars  are  straight,  but  have  no  tie-bolt  and  separator. 

Has  no  traveliug  brake.  The  cheek  and  trail  plates  are,  one  of  Otis, 
the  othfNT  of  Kashna  steel. 

No.  6  has  DO  seats;  the  brake-housings  have  no  stop  for  spring: 

The  brake  links  are  secured  by  wedges. 

The  guide  bars  are  not  straight,  but  have  a  tie-bolt  aud  separator. 

The  brake-eyes  are  lighter  thau  ou  Ko.  3.  The  trail  handspike  is  of 
wood ;  it  and  its  attaolwients  axe  the  same  as  on  If o.  4.  Has  no  tmv- 
eling  brake. 

DDIBNBIOMS  IKD  WXIGHT8. 


DIMXllglONS. 

Inchea. 

Distance  betwet'ii  inside  of  trunnion-beds   9.52 

Diamet<>r  of  trtiunion-holes   8,7 

Distance  of  axis  of  trannions  in  front  of  axis  of  axle,  pieoe  nnlimbered,  on 

borizontal  ground   8.76 

Distance  from  axis  of  trunnions  to  hx\a  of  axlt-  in  a  Straight  Uoa   14.25 

Htight  of  axis  of  I  ruuniont  above  the  ground   4ii,75 

Dtotance,  perpcndfcnlar  to  axle,  between  the  {wints  of  contact  of  trail  and 

wheels  with  the  ^irniind    72.5 

DlatuDco,  borizoutai,  from  front  of  wheels  to  end  of  trail,  piece  un limbered..  116.25 
Distance  of  the  mnssle  of  the  piece,  axis  horiaonfal,  in  frimt  cf  wheels,  pieoe 

linlimh<'re(l   15.  41S 

Length  nf  eai  ii:i<;e  without  wheels   104 

Wbol.'  IfM^'tli  of  Hxle   75.45 

Track  of  the  wheels   fiO 

Height  of  wheel   57.6 

Dish  of  wheel     1 

YeiticAl  field  of  tire  above  the  horixontal  line  degrees. .  8S 

Yertieal  field  of  fire  bek»w  the  horizontal  line  do....  « 

WBiaHTS. 

Ponds. 

Carriaj^e  No.  'A,  includin<;  tools,  hut  not  implements   1,810 

Carriage  No.  1,  including  tooiti,  but  not  implements   1, 160 

Carria;;e  No.  t!  ,  Same  as  No.  3. 

Ciirri.i-.  No.  4   1.237 

Carria|;e  No.  5,  iuclitdinx  tools,  but  not  implements   1,280 

Oarriaiite  No.  6,  inclnding  tools,  but  not  implements   1,214 

One  \v1hm>1   200 

I'reasnre  of  trail  on  ground,  juece  unliinhered.  carriage  No.  ^  ...............  187 

Pressure  of  trail  on  pintle-hook,  piece  limbered,  carriage  No.  'A   140 

Pressure  of  trail  on  ground,  piece  nnlimbered,  carriage  No.  1   199 

PresHure  of  iniil  on  ]iintle-hook,  piece  limbered,  carriage  Xo.  1   147 


DISPOSITION  MADB  OF  OABBIAOBS. 

No.  1.  Sent  to  United  States  Military  Academy,  VVe«t  Point,  N.  Y. 
Ho.  2.  Sent  to  TTnitod  States  Artillery  Sghool,  Fort  Monroe,  Ya. 
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Kofl.  3  and  4.  Issued  to  Light  Battery  F,  Fifth  United  BtateB  AitiDfliy, 

Fort  ITaiiiilfoT),  New  York  Harbor. 

No8.  5  and  6.  Sent  to  Bcnii  ia  Arsenal,  Califotuia,  for  uae  of  Ligjit 
Battery  K,  First  United  States  Artillery. 

As  bearing  upon  a  gun-carriage  for  the  field  service,  the  following  is 
quoted  fruui  the  i*i-ui3«MHuuK(»  of  the  Board  of  Lif;ht  Artillery  OffiocfS  oon- 
votrnd  by  virtue  of  (  rrncral  Orders,  Xo.39,  HeadqaarterB  of  tbe  Army, 
A.  G.  O.,  Waehiugtoo,  April  28,  1881: 

That  tlio  new  (>;irna;:ps  be  of  the  general  form  of  lliox-  iii»w  in  scrvit  c.  and  capable 
of  su8tniniitg  the  shock  of  ibo  hriivv  powiler  cbarjjes  inonoseil  without  loss  of  n^ni- 
•iie  ligfatiieaa  and  mobility.  To  heciire  theoe  objeoto  tna  Biwrd  it  of  opinioii  tlwt  the 
carriaije  fibciild  bp  mn<lr  i>f  ^fcd,  laul  in  two  parts;  that  part  iimiitHliately  hu^taining 
thf  ^l  u  to  hav<'  a  wmall  moveiueut  rbeckt'd  by  an  eianiic  buffer,  so  that  tho  fir»i  eiiCKk 
of  iheiteooU  may  b»»  abworbeU  bt  fore  any  severe  strain  couies  apon  tin-  axle.  The 
caTrine;^^  to  he  provitbd  wit  li  axli'^treo  fcnts  fnt  ini;  towurOs  the  muzzle,  and  a  (loiiMe 
brakti  foi  aach,  wLilc  arunL'od  so  as  uot  t<>  iuUulere  w  iili  thu  Herviue  of  thopifcc,  and 
which  can  be  operaU  J  by  the  vanuonmnit  on  the  axle-tree  Mate,  and  osad  ob  Ifce 
march,  iu  addition  to  chucking  the  recoifwhen  the  gun  is  fin>d. 

Tho  checkH  and  «lovatiu{;  apparatUH  to  !»•  placed  bo  as  to  admit  of  curved  tire  with 
reduced  charges ;  tho  angle  of  depression  to  be  about  6*-^,  and  the  height  of  tb«  azic 
of  the  truouioua  above  the  ground  t«)  bo  about  the  sauie  lu*  iu  the  present  carriage. 

The  elevatiiig-«er«w  to  be  siugU',  having  a  wlot  and  a  side  sci-evr,  iu  order  to  lock  it 
and  prevent  it  from  i  iiimin;^  down  when  the  guu  is  lircd. 

'  The  wheels  to  be  of  the  Archibald  pattern,  with  eight  fellies  and  aixteeo  luokes; 
their  height,  track,  dish,  and  width  of  tire  to  be  the  aame  ne  thoeeof  the  wheels  now 

in  lis*'. 

The  trail  handspike  to  be  of  hollow  nietui,  and  attached  to  tho  trail  so  that  it  can 
be  folded  on  the  stock,  and  be  held  in  place  when  the  can  ia  fired,  and  also  when  tin 
carriage  is  limbered.  Tliure  should  be  a  tMil-bos  for  unplements  and  a  loiall  MD«f 

sperm  oil  ou  the  truil  liftw^en  tho  cheeks. 

These  carrincfcs  hiivi'  been  submitted  for  trial  iu  service,  not  as  per- 
fect in  plan  or  construction,  but  as  suitable  for  use  with  the  birnh- 
loading  guns,  aod  as  an  advance  upon  the  woodeu  eaiTtage. 

Of  themiaor  featores,  sonic  will  doubtless  need  to  be  inodifled^aiid 
chaujrcs  mny  pvon  bp  required  iu  the  principal  parts.  'Ihese  wQl  he 
developed  by  trial  and  by  tlie  experieueo  of  our  Army  uflicers. 

Some  objeotiouable  points  iu  construction  noticed  during  fabricatioQ 
were  allowed  to  retnaiu,  as  their  alteration  would  have  delayed,  poan- 
blj  niineoessarilyy  the  completion  of  the  work. 


These  figures  include  the  outhiy  Ibr  dies  for  axle  plates,  and  for  spe- 
cial tools,  which  iucreased  the  cost  of  each  oarria;.;e  by  at  least  i^M. 

A.  xMURDECAI, 
LUuUnoMt-CoUm^l  of  (Mfumce.  iMMmniHiaMif* 


The  coat  of  the  caiEriageB  was: 


OiH'  with  axle-st  atw  

One  without  axlo-seata 
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psacMiPTiour  of  thb  pims  field  and  sibos  aiN. 

BY  LUtUT.  COL.  A.  MOHliKCAl,  OKD.NANCJi  DKPAiiTMKNT. 

(6  plates.)  I 

Watervliet  Aksenal, 
W€8t  Troy,      T.,  July  14, 1884. 

The  Ohibf  of  Ordnai^ce,  (J.  S.  A., 

Wuffhington,  7).  C. 

Sm:  III  uccurdauco  with  your  iiistructiuus  of  Jauuary  10, 1884, 1  have 
llie  honor  to  sobmit  the  fbllowing  description,  with  plates,  of  the  Piper 
^n,''  for  field  and  siege  services,  mana&ctared  atttkiii  araenid  pursuant 
to  yooT  direotionB  of  March  20, 1883. 

This  gin  oonsists  of— 

WOODEN  PARTS. 

2  legs  of  spruce. 

1  pry-pole  of  spnioe. 

9  cleats  of  oak  for  pry-pole,  fiistened  by  4  nails. 
1  windlass  of  oak. 

Aud  for  service  of  the  giu : 

3  handspikes  of  hickory. 

3  shoes  of  two  thicknesses  of  ash  plank,  listened  by  4  rivets. 

METAl.  PARTS,  WROUGHT  IKON. 

-  Attached  to  right  leg: 

1  jonrual-box. 

2  journal-box  bolts. 

1  journal-box  key;  1  eye-pin  and  1  chaio  for  key. 

2  jourual-box  straps  aud  2  8trap-key8.  , 
1  pawl,  held  by  1  bolt  screwed  into  leg. 

1  lower  baud. 

1  ])oiut,  ;ni<l  1  w;i>;lier,  fastened  by  3  uails. 
1  lower  luace-band,  fastenml  hv  3  screws.  . 
1  upper  brace-baud,  fatiteued  by  4  screws. 

1  lower  brace,  fiMtened  by  nut  to  stud  Ibrmiug  part  of  the  brace- 

band. 

1  upper  baud,  fastened  by  2  screws. 

1  key  for  clevis-bolt;  1  eye-piu  and  1  chain  for  key. 
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The  metal  pftrte  attaohed  to  the  left  le$r  are  similar  to  thme  of  the  ' 

right  lejf,  substituting  1  upper  brace  for  the  lower  brace  and  adding  I 
sti  n  \nth  stad  and  nat  for  aecaiiug  upper  brace,  fastened  by  1  pin  and 
2  screws. 

Attached  to  the  pry-pole: 

1  lower  band. 

1  point,  and  1  waslier,  fastened  by  3  nails. 

1  baud  with  eye  tor  sai'ety-chaiu,  I'a^teued  by  4  sci^ews. 

1  safe^-ohain. 

1  upper  band. 

1  cl»*vis. 

1  clevis  bolt,  fastened  by  1  pin* 
Attached  to  the  windlass : 

2  gudgeons,  fastened  by  2  pins.  i 
2  handspike  sockets  (of  brass) ;  2  pawls ;  2  sprift|^  held  in  plaea 

by  2  plates  each  £Mtened  to  socket  by  3  sdews. 
2  ratchet-wheels. 

2  bands,  fastened  each  by  3  screws. 

The  general  construction  is  the  same  that  of  the  garrison  and  case- 
mate gins  made  by  the  Orduauce  Department,  the  principal  changes 
being  in  the  journal-boxes  and  brace-bauds,  and  in  the  additiou  of  the 
saliety-chaiu.  This  last  is  attached  at  its  middle  to  the  pxy-pole,  and  has 
one  end  hooked  to  each  leg,  thos  pfeveoting  the  gio  from  spreading  and 
failing  to  the  prround. 

In  tbe  fabricalion  of  this  gin  a  mistake  wiis  made  in  the  position  of 
the  journal-boxes,  the^'  being  too  high  for  working  the  windlass  ad  van- 
tageonsly. 

It  would  be  better  were  the  axis  of  the  windlass  32  inches  from  a  straight 
line,  jdiiiiiif^  the  inner  bottom  edj^os  of  lower  bands  on  legs,  instead  of 
38.^  mchei^,  made.  This  would  necessitate  an  increase  in  the  length  of 
the  wooden  part  of  windlass,  which,  in  my  opinion,  would  be  better  than 
using  tbe  same  length  of  windlass  and  bringing  the  legs  nearer  together. 
The  position  of  the  cylindrical  part  of  the  legs  would  h a ve.to  be  changed 
aeoordin^ly,  bnt  no  t>t1(er  modification  would  be  needed. 

With  this  gin  are  used  1  double  and  1  single  block.  The  latter  is  com- 
posed of  2  side-plates,  the  ends  bent  over  the  cross-heads ;  2  cross-heads  j 
2  eyes  riveted  in  tbe  cross-beads,  and  4  nuts;  1  hook,  1  sheave  (of  biBaB)| 
1  sheave- bolt,  and  1  nut. 

The  double  block  bus,  in  addition  to  the  above,  1  partition  and  1 
sheave;  it  has  but  1  e>e,  riveted  in  1  ei'oss-liead;  the  eye  in  the  other 
is  omitted  and  instead  1  washer  with  eye  and  ring  is  attached  by  the 
sheave-bolt  to  one  side  of  the  block. 

The  pli(  t<  ^^raphs  that  accompanied  your  letter  ordering  the  fabrica- 
tio?i  were  the  main  pfniflcs  by  which  tlte  ff'm  was  made,  and  any  devia- 
tions Ironi  what  was  t,heit'  sliowii  weie  accidental,  except  the  substitu- 
tion of  two  bolt-s  in  ea^h  journal-box  in  place  of  the  two  dowels  shown 
.  In  the  photograph. 

Tbe  accompanying  plates,  fi  a  e  in  number,  sbov  the  details  of  oooflCnie' 
tion  and  the  dimensions  of  all  the  parts. 
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TESTS  Of  WHITWOBTH  STEEL  Fui:  ^  lycu  BIIEECS-LOADIXG  RIFLE 

AND  U-lNCa  JUFLED  MQBIAIt, 

BISPORT  OP  MECHANICAL  TE8T8»  MADE  WITH  THE  UNTTBD  STATES  TEST' 

JSC,  MACHINE,  CAPACITY  800,000  POUNDS,  AT  WATERTOWN  ARSENAL* 
MASSACHUSETTS,  FOB  THE  OBDNANCE  DEPAlilMENT,  U.  S.  AEMT 
WA8HIMOTON,  D.  C. 

TESTS  BY  TENSION:  THREE  JIAU8  STEEL  FROM  TRITN>'TON  nOOP  12- 
INCH  MORTAR;  THREE  BARS  STEEL  FROM  TRUNNION  UOOP  8-INCH 

JftZy  18, 1884. 
^o.  317. 


•J50 
1,2^U 
2,  MO 
8,750 
5,000 
e,260 
7,500 
7,750 
8,000 
8.250 
8,500 
8,750 
9,000 
9,250 
9,500 
ft,  750 
!(•.  OOO 
10,230 
10,500 
10.750 
11,000 
11,250 
11.500 
11,760 
12,000 
12.  25-0 
12.  5<J0 
12.750 


Per 


Pounds. 
1,000 
5,000 
10,  OtK) 
15,l»it0 
20,  {)(><> 
25, 000 
•JO,  000 

31,000 
82, 000 

.13,  000 

: ; ; ,  i  m  .  • 
'.k>,  uu»J 
30.  000 
.17.  (inn 

3y,  0*KJ 
40,000 
41,000 

42,  000 

43,  000 

44,  000 

45,  (MX) 
4A,000 
47,000 
48.000 
40,  000 
W),  OOO 
fil,000 


tion  per 


Inek. 
0. 

.000167 

.  ooo.'ioo 

.  (HiOtV>()  j 
.  0W>»<.'>0 
.001133 
.001483 
.  001516 
.001550  , 
.  OOICOO  ' 
.001710 
.001783 
.  001 8K? 
.  001!>,'")0  1 
.  0O'J033 
.  WJI.W 
.002200 
.0U2333 
.002466 

.  oviTm 

.  002H66 
.0*»3016 
. 0O320O 
.  003.^)0 
.003683 
.  00406« 

.004U6 


If%eh. 

0. 

.  OOOlGi 
.  0<  )O333 
.UOOISO 
.  0002O0 
.  0OO2S3 
.  (H>03:i0 
.  0O003O 
.  0(K>03-.' 
.  IK^OO.'iO 
.000110 
.  Ort)067 
.  000100 
.OOOOtii 
.000087 
.000117 
.  00tW50 
.  000133 
.000133 
.  000067 
.01>0I17 
. 000216 
.  000160 
.  000184 
.  000300 

.  oooim 

.000388 
.000880 


8ooc«s- 

Bemarks. 

Jim*. 

Imth. 

0. 

0. 

laftUlMd. 

J    .  OOOOW) 

.  (1000.50 

1  .000267 

.0W217 

1  .000267 

.  0O0317 

.  oooo.so 

.0O040U 

.000666 

.000166 

Probable  elMtio 
limit. 

• 

1  

.000750 

.001488 

.000450 
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tiou  per 
incn. 


I 

Slice  ea- 
Isive  elon- 
I  gfttlon 
Iporineb. 


13.000 
18,250  I 
18,500  I 

13. 750 
14,000  i 

14,  .100 

If),  Ofltl 

15.  J  W 

15,  ri(nt 

in.  750 
IKIO 

1(1, 

i«,  7rK)  : 

17.  (K»0  I 
17,250  I 
17,500 

18,000 

18,  .^0  ; 

lU.  50U 
20,  000 
20,  500 
•21,  OCK) 
21,5<Ml 
22.000 

22,  .'■.00 

23,  ('(to 
28,500 


Poumd$. 

hi,  000 

53,000 
54.000 

55,  (H>0 
.'■6,  (K)0 
.57,000 

58,  000 

59,  (KM> 
00,  (li»0 
«l,  (VJO 
()2,  IKKl 
03,  000 
(U,  000 

•v.,  i'O'l 

m,  000 

07,  000 
68,  000 
69.000 
70.000 

72,  000 
74.  (KK) 
7t;.  (lOO 
78,0(X» 
80, 000 
8-J,  (KM) 
M.  100 

niii 

•lU,  I  'I'll 

94,000 


.004666 
.004833 
.006633 
.006016 
.006550 
.006015 
.  0(i79.'<J 

.  {iuh:i)i«i 

.  0094  G(i 
.OOOiiCO 
. OlOOOO 
.0I1.'!6« 
. 01251G 
.  0i:;-}(m 
.014450 
.015150 
.  OldiUXi 

.  oi7ivi:i 
.  oijK.n 

.  02623:i 

.  onoofio 
.  ort.'iSOO 
.  C4\7 
.  0450 
,  0500 
.  O.'.jvJ 

.  or.."irt 

.  07H3 

.  0'.t8:J 
.im 

.1400 


Inch. 
.000350 
.000287 
.000700 
.000363 
.000534 
.  000366 
.  001067 
.  00O583 
.  OOOftOO 
. 000400 
.001034 
.000466 
.OOILSO 
.  000884 
. 001050 
. 0O0700 
.00148.T 
.  001200 
.  001700 
.001350 
.  00.1183 
.002167 
.  00.1^33 
.  003434 
.  0082 
.  00;J3 
.0050 
.0063 
.0075 
.  0125 
.  0200 
.0200 
.1217 


Pcnn*>  1 

1 

SOOMS* 

aiTep«r- 
ameak 

• 

Inch.   1  JmA. 

.004066 1  .ooien 

.007183  ;  .003117 

.010916 

.003733 

 1.-  

.016683 

.005767 

f 

Micromolar 
moved. 


Luad  at  t 
fraotore. 


ua*  af 


GENEIJAL  SUMMARY. 

SjM^ciflf  i;r.i\  it y   7.  MJi 

Ilarilne-xH    I'l  (.5 

Ti'usile  Ktn  n<;tli  p«r  sqnai-e  inch  of  original  acvtion  pouD<J»..     M,  7^ 

Elantic  limit    not  well  deflned. 

Elongation  p«'r  ifirh  aflor  riiptunv  inch..  .1756 

Elongation  \wr  iiuii  umlri  str.iin  of  iflastic  limit  , 

l{«:tliictioM  iu  diiiiiictor  at  point  ofruptoro   inch..  .164 

K'-diirtion  ill  area  aftecnvtaia^paroeataBiof origlaaliaatloB   4:  3 

Poaitioo  of  ropturo.  ouo-tourtb  inch  from  middle  of  aUua. 

^Mskiaaarftoe  iwy  ailky,  aay<hafa<  <Ma. 


oriBdiaMtlMMi.0tlaflli,.18lBoli,.MlBoh(.S7lBdi  fkafltand  aMlkQ),.MlMk, 
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^o.  318. 


I'll) 


^Marks  on  bar, 


1  IN.  M. 


diuneter,  .89*  ineh;  MOtkMud  are*,  .25  attoaraiaob-l 


AppUed  loads. 
TotaL 


H^atiro 
im-b. 


tioa  p«r 
tuob. 


250 

•J,  .",(»!) 

3,  7d»)  , 

5,  (M»o  ; 

6,  '/50  ! 
0.500  1 
6,750  I 
7,000  . 

7,  LTiO 

\ 

7.  7.'iO 
8,000 
8,250  I 

8,  500 
^760 
0,MO 
9,180 
0,«W 
0.750 

10,000 
10,250  ' 

lo.stm ; 

lo,  750  ' 
11,000 
11,250 
11,500  1 
11,760  I 
12,  000 
li'J50  , 
12,  5W) 

12,  750  ' 

000 
la.  2.">o 

13.  rmt 

la,  750 
14,000 
l4,2-'>0  ' 
14,500  , 

14.  750  ! 
15,000 

15,  250 
15.  500  • 
15,  750 
10.000 
lfl.250 
16.500 
18,750 
17,000 
17.250  , 
17.500  I 
18.000  , 
18,500  ! 
10,000 
19,  .VM) 
20,000 
20,500 
21.  000 

21,  500 
22,000 

22,  fjt'O 

23,  mu 
23, 

24. 000 

24,  500 

25,  OOO 
25,  140 
23^600  i 


Pound*. 
1.000 

5,  <t(io 

111.  >Kil) 

is,  uuo 
20.  000 
25,  OOO 
28,  000 
27.  000 
2^*.  000 
2!>.  000 
30,  000 

ai.ooo 

32.  000 

aa,ooo 

34,000 
85,000 
80,000 
87,000 

ee^ooo 

30,000 
40,000 
41.000 

42.000 ; 

4«.00()  . 
4.1,  000 
4(5.  000 
47.000  . 
48,  000 
4tf.  000 
50  »M>0 
51.  '  vo 
5'J.  ini'.' 
5*;.  Coil 
54,000 
55.  000 
5fl,  000  , 
57.000 
58,000  I 
59,000 
00,000 
61.000  I 
62.000  < 
03.000  1 
64,000  i 
65,000  ' 
68.000 
67,000  , 
8^000  ' 
00.000  I 
70,000 
72,000 
74,000 
70.000 
78,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90.000 
<«,000 

'.'1,  1100 
IW,  OOO  I 
98,000  I 
100,  000 
100,600 


Jl 


Sacces-  ' 
fljve  clon- 

i  pet  fndk. . 


I'wima-  j  sivv  per- 
nanCweUi  maneot 


/  (1  ch 

II. 

,  I 'Dili  l<i 

.  o(iiiL'>--; 
.  i.HHi):!;i 
.  i):mii;i 111 
.  000816 
.000866 
.  0000*10 
.  OOOSfl  J 

.  ooltosa 

.001010 
.001084} 
.001130 

.Qoim 

.801S» 
.001883 
.001838 


I 


.€0t4lll> 

.001500 

.ooiraa 

.001883 

.ooinoo 

.001718 
. 001783 
. 00183a 
.001918 
.00108:1 
.  0021183 
.002150 
. 002250 

.  oo'jaco 

.  002*3.1 
.OOJOOO 
.002816 
.  00211^3 

.oov.iari 
,  ooa4.'>o 

.  0037."^ 
.C041'<) 
.004816 
.005010 
.  00.^783 
.  0062H3 
.  0070.% 
.  00791.1 

.omm 

.000810 

.010488 

.OUSBO 

.818488 

.018888 

.010050 

.OljQ^I 

.  0207X1 

. 023333 

.  0280^3 

,  029083 

.  0.12483 

.  036 1.13 

.040400 

.0450 

.0517 

.  0813 

.  u717 

.0900 


Inch. 
I) 

.  (lIHll  /  I] 

.  I H  1(1 1 1*7 

.  ooul.50 
.000107 
.0002!8 
.  000050 
.  OOOO  H 
.  000083 
.  OOWKW 
.000033 
.000050 
.OOOOM 
.000033 

.oooorio 

.000050 


.080017 
.000100 

.  OOOO.'V) 

.  0000.1.1 

.GOOlOO 

.000033 
.  OOOC'iO 
.  O00')87 
.  000050 
.  00008.1 
.  01IO0O7 
. OOOlOO 
. 000087 
.0001 00 
.000118 
.000067 
.000107 

.  Ow^oO 
.  000207 
.  0003,13 
000373 
.  (K>0488 
.  000400 
,  0O0867 
.000500 
.  0007 .'lO 
.  000880 
.000058 
.000788 
.001050  j 
.000784 
.OOltSS  > 
.001400 

.002187  ; 

.002333 

. 002350 
.  002fi00 
.  0027 .V) 
.  003000 
.003400 
.  W»H50 
.  i-<i-4"67  , 
.  IM^  1 
.0087  1, 
,  0««« 

.0183  i 
.0188  !, 


Inch. 
il 
0. 
0. 
0. 

.OOfiiil'i 
.000116 

Jtuh.  I 
0.  r 

0, 
0. 

0.  1 
.  0MI'  '16 

.mm  1 



1 

.080188 

.000817  ' 

.  .880880 

1  

.000097 

. 000316 

.000116 

.000450 

.  000134 

1    . 0006G6 

.  000210 

.881188 

.000517 

.002983  1  .001750 





,  .888680 

.002817  ' 

1 

.888$1B  I  .001288 


Itcmarkft. 


I 


Initial  lood. 


Elastic  UmU. 


lOorometM*  ro. 
moved. 


ritiin^to  strt-n^lh. 
Load  at  tiuo  of 

ftMltWO* 
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liEPOBT  OF  THE  CUIEF  OF  OKDNAIJCE. 


OEVKSAL  WnOtAXt. 


.im 


J  strength  per  winare  inch  of  orfcfaMl  sootlon  ..^  

I  limit  per  siiaarsliiob  oforiKiiiiil  soctioD  do 

Elongation  per  inca  after  rapture   ....ia^.. 

BUm  gallon  per  inch  under  strain  at  elastic  limit  do.... 

Badnction  in  diameter  at  point  of  mpturo  do  IM 

Badaotion  in  are*  after  rupture,  per  centum  of  orif^nal  section   MLS 

Borittoa  of  raptare  2  inches  from 

OhUBflter  of  broken  surfuoo  dull,  sponity  centtr,  60  per  cent. ;  fine  Kranolar  at  circuniferenei^ 

per  cent. 

.(IBlaoli(.S»l]iohikmetai«dfaotian)..Uittoh,4fiMk.  11 


No.  319. 


(i'arks  on  bar,      1^2^  '  ^'•™eter,  .594  inches;  sectional  area.  .'Jo  sriuare  luch-J 


Applied  load*. 


P.r 

TotoL  square 
i  inch. 


Poundt. 
250 
1.250 
2,500 
8,  750 
6,000 
6,260 
6,500 
6,750 
7,000 
7.  280 
7,500 
7,780 
8.000 
B,Wi 
t,S0O 
8,750 
•,000 
0^280 
8,880 
0.780 
10.000 
10,250 
10,500 
10.700 
11.000  I 
11,880  I 
11,500  i 
11.750 
12,000  . 
U^SBO  i 
18,800  I 
U750 
18.000 
13,250 

13.  .500 
13,780 
14,000 
14.250 

14.  .'iOO 

14,  7Mt 

15,  000 
15.  2.50 
15,  500 
15,  750 
10^  000 


Poundt. 
1,000 
5.  000 
10,  000 
16,  000 
20.  000 
25.000 
2fi. 000 
27,000 
28,000 
20,000 
30.000 
81,000 
88,000 
88.000 
84.000 
88^000 
88.000 
87.000 
88,000 
881000 
40.000 
41.000 
42,000 
48.000 
44,000 
45,000 
46,000 
47,000 
48,000 
48i000 
80.000 
51,000 
62.000 
53,000 
54.000 
66,000 
66.000 
57,000 
58,000 
59,000 
60.000 
61,  0(K) 
62,000 
63.000 
04,000 


tioii 


Inch. 
0. 

.000083 
. 000217 
.000350 
.000516 
.000788 


.000883 
.000683 
.008818 


,001818 
.001400 
.881418 
.881518 


Suoces- 
ftive  elon- 
gation 
'  per  iooh. 


Inch. 
0. 

.000083 
. 000134 


.000217 
.000088 
.000067 
.000050 
.000088 
.000084 
.000018 
.000087 


.881818 
.881700 
.001708 

.001800 
.001800 
.001868 
.002116 
.082188 
.002888 
.002416 
.0O258S 
.002700 
.002083 
.003183 
.003483  I 

.oaTio  I 

.  0O4-'8.'t 
, 004800 
.  005 jlO 

.006(533 
, 007233 
.008133 


,000088 
.000084 
.008016 
.088180 


.000080 
,000084 


.000034 
.000100 
.000008 
1000150 
.000067 
.000100 
.000133 
.000167 
.000117 
.000283 
.  000200 
.  000300 
.  0002.13 
.  000567 
.  000517 
.  000716 
.000267 
.  OOOR-V) 
.00  )600  f 
.000900 


PormA- 

1 

Rnrce*- 
sive  per- 
manent 
aet 

—   

Inch, 
n 

V. 



IneK 

A 
V. 

A 

U. 

A 
V. 



— .  wuuoo 

.000088 

•  WUvvV 

.000088 

.808160 

•       .  •  • 

.00881? 

.088188 

.000100 

.666416 

.000190 

.ooone 

.000300 

.001416 

.000700 

.003416 

.002000 

Prohahle 
limit. 
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sivc  <ion- 
f»UfMI 

tion  nt^r 

incii. 

TsteL 

BQiinre 

liich. 

Poundi. 

Ptnmd$. 

ineA. 

Inch. 

Irt,  2.VJ 

C5,  OOO 

.  (K»M9R3 

.  w:f<a 

Iti,  WO 

fiti,  (KJO 

.  01-97  « 

.  0007X3 

J0.7.V) 

67,000 

.OlO.W? 

. 00OK17 

17.000 

.on:>Ki 

.  OOlOtrO 

17.  V'50 

6!),  (MiO 

.oi23r.o 

.  Oi'OTr,7 

17,500 

70.  t«00 

.  0]375'i 

.  OOMOO 

1M,000 

r/,ro« 

.OI5iKl 

.001633 

IM.  SitO 

74.000 

. 017716 

.0013  3 

19,  (HX) 

70,  000 

.  0202><3 

.  0fi25fl7 

I  a.  .V)0 

7>*,  OitO 

.  02?»M)0 

.002317 

»>,  <hjO 

80.  000 

.  02''3l6 

.  002710 

20.  ■>00 

82.  000 

.  02X33.1 

.  008OI7 

21,  000 

84,000 

.031716 

.00r{3«3 

8r>.  ouo 

.  03S3.13 

.00.1617 

KH.  OOO 

.  0.18H3.1 

.OOlSOO 

22,  .MJO 

00,000 

.04.1563 

.004750 

23,000 

9*.*,  UOO 

.0500 

.0065 

23.500 

04.000 

.osas 

.0083 

24.000 

M,  (NM 

.0717 

.0134 

24.  250 

t»7,  000 

.  0H17 

.0100 

24.500 

M»000 

t .0017 
).10i7 

S1,88D 

rerma. 


Inch. 
.006583 


.011833 


SaeoM- 


Jneh, 
.003107 


.005250 


Load  at  tlmo  of 


Bgeelfle  ffravitj  

Tponile  stmifEth  per  ttqiinre  inob  of  orisUial  aaotiam  ....poaoda..  0Q,00t 

Elanlio  limit  p«r  sniiaix)  inrh  of  origlatl  OMtlOtt  I.....  nat Will  defined. 

Bloogiiiinn  per  incb  aA«*rrnplur»   Inoh..  .185 

Blonjtiition  (wr  inob  aod«r  ntniin  atfteitle  Bait.. ...*..................... .....*  

BMloetlna  In  dlawrtor  M  point  of  raptoM  iadi. .     ,  144 

Kodarttoa  to  owliarnipturw,  par  wt—  irforigl— 1  woliBa   44.  • 

PtalMoo  of  foptaio  .......«..tJ»toobM 

Ohanetairaf  brakKBattriMa..dalLaBM»k7«oat«r,OOperoeot{  flnagnrndiraldiaattiMaBo 

iof  iMhaaaHoMt  .MM,  .•7iiiah,.ltteak,.lllDok(JllBah  ftaalwadaaalL^,. 


No.  332. 


IMarko  on  Iwr,  ^^^i^i  diaraoter  .504  inob;  Bectioaal  area,  .25  aqoare  inch.] 


Applied  loada. 


TMaL 


Pounda. 

250 
1.2'0 
2,  .'KK) 
8.75it 
5.000  I 
6,250 
01600 

6191 


Pounds. 

1.  000 
.•».  0«K) 
10.  000 
1,'.,  (MH» 
20.  uou 
251.  0<H> 
28,000 
ST.ItO 


I 


Sucroe- 


Inch. 

0. 

.  000083 
.  0002.13 
.  0001K3 
.  O00.\50 
.  OOOHIH) 

.000i£i3 


Perma- 
nent Mt. 


Inch. 

0. 

.  OOOOH.I 
.  ("Ool.'O 
.  00*11.^0 

.  oooii;7 

.  i«Hi2">0 
.004NU3 


Inch. 

0. 
0. 
0. 
0. 
0. 

.000116 


Inch. 
0. 


Initial  load. 
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4irf WH  TrtiT 

8aeee»* 

Per 

BOB  PVT 

TMbL 

moh* 

• 



^  vU  w\Hm» 

Inch.  1 

■J  ^  I'll]  J) 

.OOOOGC 

''9  UOO 

.001050 

,  (UMJ0h4  1 

7  'Ulft 

'ill  UOO 

.001100 

.  or»()Of.O 

7  TVfc 

HI  (MlO 
wL«  WV 

M  AAA 

.001106 

.  000W>6 

,001233 

.  000067 

Of 

VA  AM 

.  oonoo 

.  000067 

ai  000 

,  VW 

.  oouoo 

.  000100 

(it  7^rt 

•IK  AAA 
tKI,  VW 

.001433 

.  000033 

3A  000 

.001483 

.000050 

V, 

97  AAA 

off  vvV 

.0015SO 

.000067 

•Ut  AAA 

.001450 

.000100 

a  7ftA 

■tt  AAA 

.Mint 

.000086 

tA  AAA 

Afk  AAA 
9V.  VUV 

.MMW 

.000180 

lA  9IUI 

i.1  AAA 
91t  VW 

.000100 

1A  lUIA 
All,  OUU 

J9  AAA 
92.  VUV 

.000100 

lu,  irHi 

19  AAA 
9a,  UUV 

.002108 

.otouo 

AA  AAA 

99,  UW 

.002400 

•  OMMO 

Ati  AAA 

90,  vUv 

.002000 

lA  AAA 
90,  UUU 

.002866 

loOOtH 

1 1  7ftA 

17  OOA 
9«»  UUU 

.  003066 

looono 

19  AAA 

Ifi  OOA 
90,  vUv 

.003533 

.000407 

IQ  OOO 
fV,  UUU 

.003^ 

.000450 

J  ^,  r>iw 

tLt\  AAA 
OU,  vvU 

.0O47.V> 

.000767 

1  Jl,  i  M) 

0 1 ,  UUU 

. 005033 

.000283 

0*i,  UUU 

.005700 

.000667 

K1  AAA 
«>«>,  UUU 

. ooe2«3 

.  U00588 

lOf  OUU 

rj  f|AA 

. 007000 

.000717 

OO,  VvU 

. 007550 

.  ooosrto 

1  J  AAA 
19,  UUU 

r/i  AAA 
.Hi,  UUU 

.  008266 

.  000716  ' 

19,  xOU 

e7  AAA 
0/,  UUU 

.008900 

.000634  j 

19,  ElVv 

000 

»>0,  VW 

.009750 

.  OOOS.'iO  i 

11  7*W) 
19f  (in/ 

f^O  000 

^W,  VW 

.010650 

.  000900 

19,  UUU 

DU,  VVU 

.  011716 

.001060 

10,  OUU 

R*>  n<io 

.  013150 

.001434 

lO,  UUv 

Ai.  0041 
V4i,  VW 

.015166 

.002011 

10,  OUU 

gta  AAA 
DO,  VW 

.017866 

.  IK)2700 

17  AAA 
1  f ,  UW 

.  020100 

.  002--'34 

17  ^tAA 
1 1,  Ovv 

70.  (MIO 

.022433 

.002333 

18.000 

72,  000 

.  024«a 

.002450 

18.S00 

74.000 

.027650 

.  002787 

lfl.000 

78, 000 

.031650 

.004000 

u,soo 

78.000 

10^  000 

80,000 

.oon 

19,800 

82.000 

.0450 

.00t7 

21,000 

84,000 

.0517 

*ss 

«1,500 

fW.000 

.0568 

22,000 

88,000 

.OOfT 

•90Sl^ 

22,600 

90,000 

.080 

,vm 

.0817 

28,000 

92,000 

.1150 

28.030 

92,130 

.U8i 

.0188 

10^  100 

1 
1 

ilTe 


.000238 


.000416 


.008010 


.000183 


.001866 


£«iiiArk«. 


.006588 


.008400 


.001517 


tntimato  stTMicth. 
Load  at  ttm*  of 
fracture. 


OSHXRAL  BUMIIABT. 

lo  gnkvitj...*»* ••••«• 

M  

>  atrMiicth  per  aqnare  tnob  of  oricinal  i 
\  limit  per  aqiutre  Ineh  of  origliiM  Motion. 

KUmjMltoB  per  look  ftfter  mptnn   fiwfc  .  ifoo 

■wjiMmi     iaob  ndor  Mmim  wA  elMtle  Iteii.   

XedMlkiatediaaMtaratpotaitef  rapOaro  teeh..  .174 

Boiuartow  hi  ftiw  after  nqrtu%f«reentiiB  of  odglMl  ■Miton   52. 2 

X'MltieB  of  mptare.  thra^ftnirths  iooh  fbom  neck. 

Character  of  broiipii  surface  Ane,  silky, 

lOf  iaohaeettoM:  .07  iaek.  .U  ta«li,     iaeh,     la«h,  .18  iaek  iMkl 
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8  TXK.. 
187  2  * 


Allied  loAdiL 

tioo  per 
ittOO* 

8iicc«>s- 



PAr 

ioob. 

libre  elon- 

|MVlB«k. 

Poufuit. 



Poundt. 

Inch. 

250 

1,000 

0. 

0. 

1, 2S0 

5, 000 

.  000088 

.  000083 

2,  jO^) 

10,  OOO 

(KHr'5o 

.  0*  0167 

a,  7ju 

15,  000 

0004 IC 

OOOlflS 

6, 000 

20, 000 

000538 

.  0001 17 

S,  250 

21, 000 

000568 

.  0000 : 1.1 

5,  hoo 

212, 1)00 

000583 

. 000017 

5,  750 

23,  OUO 

000633 

. 000050 

6, 000 

24,000 

000683 

.  OOOO.'O 

6, 250 

6,  500 

25,000 

000738 

.  00<io50 

26,  000 

000783 

.  000050 

0,750 

27,  000 

000833 

7, 000 

2,'^,  000 

.  000883 

.  OOOO.SO 

7, 250 

20,  000 

'  00r'fi33 

.  000050 

7, 500 

30,  000 

001000 

0(/OOG7 

7, 750 

31.  000 

001050 

.  oooo.io 

8,  000 

000 

.  001  \'S.^ 

.  00<lOK3 

8, 250 

3:!,  000 

.  00003 1 

8, 500 

34,  000 

.  001216 

.  0000 ,i0 

8, 760 

35,000 

001316 

000100 

0, 000 

36,000 

001366 

000O50 

0.250 

37,000 

001400 

000034 

9. 600 

88.000 

. 00I4R3 

.000083 

9,750 

30,000 

'  001568 

.000083 

10, 000 

40,000 

OOOOMt 

10,260 

41.000 

001760 

•  wyvAwv 

10,500 

42,000 

.ooom 

.0801  IT 

10, 750 

43,000 

009000 

11,000 

44. 000 

00S1S0 

.000110 

11,250 

45, 000 

002233 

IHIiMllUi 

•  vwww 

11,600 

46, 000 

002516 

11. 750 

47,000 

.  00^683 

000107 

12.000 

48,000 

003133 

000450 

12,  "J-'iO 

40,  COO 

.  O03'00 

000307 

12.  .'i(iO 

.'Wl,  000 

004,5t!C 

001066 

12. 750 

51,  000 

.  (>04?»'>0 

. 0002H4 

13.000 

52.  000 

.  005-33 

13,  'J'.O 

53,  UOO 

.006050 

.  000817 

5  J,  (mo 

.006566 

.000516 

5'i,  000 

.007666 

.ooo.soo 

14,  OtwJ 

.0071*16 

. 000750 

14,250 

57,000 

.0o."!51(i 

. 00O70O 

14,500 

58.  OOO 

.000  »(■>() 

.  (iooy5u 

14,  750 

59,  OKU 

.  010<>l»i 

.  1)00550 

15.  OflO 

60.  (100 

.01Uci3 

.001117 

15,  r.uo 

r.-j.  o(iii 

.  013000 

.001867 

16.000 

01,  01" 

.  OI.'.'hW 

.  eo.'soo 

16,500 

60,  ciH) 

.  ii\l\m 

. 001600 

17.  OOO 

68.000 

.  01M>16 

.002816 

17.500 

70,  000 

.  022.166 

.002450 

18.000 

72,000 

.  0-J.M33 

. 0027C7 

18,500 

74.  OOO 

.  (  27000 

. 002767 

19,000 

76.000 

.  0314U0 

.OOS.MK) 

19,500 

78,000 

.033566 

.002166 

20.000 

80.000 

.030C50 

.00C(»84 

20,800 

«,0»0 

.0433 

.0037 

21,000 

84.000 

.0600 

.0087 

21.500 

80.000 

.0688 

.8088 

22.000 

88,000 

.0683 

.9100 

22.500 

90,  OGO 

.0807 

.0184 

22.990 

01.060 

.1800 

.8483 

19,400 

Prnoa- 
IMBtMt. 


Inch. 
0. 
0. 
0. 

0. 

0. 


Succes- 
eive  per- 

nuutent 


.000050 


,000180 


.000050 


.000916 


.000488 


.000880 


,002866 


.005166 


.000108 


.002016 


.002800 


,00«006 


.003800 


IbMoIIoaA. 


Ultlinate 
LoMl  U 
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OSNBKAL  6UUMABT. 

8p«ciflo  prwrllj  - 

HardoesB  

Tennilo  strenKth  p«r  aqnaro  inch  of  original  sectioa   yiif""*^'' 


•Mia^to  Unit  per  Miamr«  iaoh  of  original  tectioa . 

WflllHtlmi  per  inoa  af tnr  rupture  

BongiAloa  p«r  Inob  nnd«r  •train  ai  alMtio  limit. 

Xadnetion  in  dUmeter  at  point  af  raptnrs  JMh..  .  174 

BaJoBtton  in  area  after  raptow^  paKWOlMi  af  nilKtnal  aaciian  •   SUt 

Beettkn  of  rapture  2i  ioohM  ttma  aidrfU. 

Charaotwof  brokrn  s<nrfarn      fine  iilky  ciip^hai»rd  end*. 

SUmfAtloa  of  inoli  Bectioaa :  .OH  inch,  .11  inch,  .14  inch,  .25  inch  (.37  inch  fraotnred  eecUoa},  .13  Inc^ 


1«  0.334. 


[Muiktt  oD  bur,  8  IN.  K. ;  1972  ;  diameter,  .644  inuh;  aection&l  area,  .;tdiMiuare  inch.] 


Applied  loads. 

8a6e4>a- 

Per 
•qnare 
IMA. 

■iveeloD- 

TMH. 

UMlla 

i;nlion 
per  inch. 

Pounds. 

Inch. 

250 

1,UOO 

a 

6. 

1,250 

5.000 

.000116 

. 000116 

2,500 

10.  000 

.  000283 

.000167 

1,780 

15,000 

.000416 

.000133 

S,000 

20,000 

.000583 

. 000167 

5.250 

21,000 

.000600 

.  0000 1 7 

5,500 

22,000 

.000650 

.  000050 

6,750 

23,  OUO 

.000683 

. 100033 

8,000 

24,  000 

.0O076G 

. 0O0U83 

«,tso 

25,000 

.000633 

.  000067 

e,6oo 

:j(i,ooo 

.  VUvU44 

6,750 

27,  WO 

. 001016 

.  (^0u0^^.'^  ! 

T.OOO 

L'H.  000 

. 001100 

.  000i)h4 

7, 2.V) 

•.'9.  (K)0 

.  001250 

.  OOOO.'iO 

7,60(» 

3U.  000 

. 001333 

.  nuno>'3  j 

7, 750 

31.000 

.coiiriO 

.  (II  u  117 

8.OO0 

32,  OUO 

. 001C33 

.  OOOllvJ 

8,250 

33.  000 

. 001733 

.  OOOlOO 

8,500 

34,000 

.001966 

.0002.33  ! 

8,750 

35,000 

,002133 

.000107 

9,000 

36,000 

.002466 

.00033.1 

0,250 

37,000 

.002083 

.000217 

0,500 

38.000 

.003183 

.000500 

9, 750 

39,000 

.003033 

.000450 

10,000 

40,000 

.004800 

.001817 

10.250 

41,000 

.006300 

600418 

10,600 

43:000 

.00BM6 

10,750 

48,000 

.000838 

'tM6ff 

.ooloit 

11,000 

44,000 

.007633 

11,250 

45,000 

.008410 

.OOOTtt 

11,500 

40.000 

.  OOO.V'iO 

.001134 

12,750 

47,000 

. 010483 

.000033 

12,000 

48,000 

.011883 

.001400 

12,250 

40.000 

.012583 

.000700 

12, 50U 

50.000 

.  014050 

. 001467 

12,  750 

51,000 

.015006 

.001016 

18,000 

52,  000 

.  016500 

.001434 

U,250 

000 

, 017250 

. 000750 

18.500 

51,  000 

.01K!I1« 

. OOIGCO 

13,750 

55,  000 

. 020333 

.001417 

14,000 

50,  000 

.  022233 

.001900 

14,250 

r.7. 000 

.  02.16;i3 

.001400 

li.500 

58.  OOO 

.  02  '-400 

.001767 

14,750 

so,  1 00 

. 027200 

. 001800 

15,000 

GO,  000 

. 020300 

.002100 

15,500 
16,000 

62,  000 

.  oinToo 

.004400  ' 

64.  oi><i 

n  :-•::(.( 

.  004533 

10,500 

60,  000 

. 0442O0 

.  005907 

17,000 

6^,000 

.051400 

.  00726C 

17,5  0 

70,000 

.058533 

.  007067 

18.000 

72,000 

.0733 

.0148 

IR,500 

74.  WW 

.0888 

.0160 

10.000 

n^ouo 

.IIM 

,9m 

17,000 

1 

Perma- 
Donti 


Indi. 
0. 

0. 
0. 

0. 

.000016 


,000188 


Saccee- 
MTe  per- 
manent 


JndL 
0. 


.000016 


,000166 


001083 


.000333 


.OMSU 

•6IM3I 

.003317 

.012238 

.005400 

.018333  1  .006100 

.027010 

a8K0K 

•  •  •••• a • • • 

Initial  load. 


Probable  alaatto 


LaaA  at 


gth. 
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GENERAL  SUMMABT.] 

8p«cIflo  jjravity   7.  P6«5 

HardncM   18.91 


T«nAil«  HtrtiDf^th  por  Rr|n-^r<«  inch  of  original  •eotioo.  pounds.. 

 AOt  well  defln«d. 


76,000 

inch..    .  1733 


Eloittic  limit  |>«r  ncpiart^  incti  of  ori^o*!  MoUoo. 

ElunKatiou  per  iuch  after  ru|itiire  

£loiit:uiiiiu  per  iuch  nniler  atmin  of  el  antic  Umli.. 

R4^diiiti<iii  in  diaiDeteraipoUitof  niptare  inch..  .154 

KMiiiciion  in  bio«  efternipliu%  9«r««Btm  of  tvlgtaMl  aaoltoo   47. 2 

PoeitkHi  of  nipture  60  im  h  from  middle  of  etem. 

GhinMlWaf  krahiHl  tunM...... dull,  silky  renter,  go  pt^r  ci-nt. ;  fin«  gr.inul»r  at  circonfKMflib  i§ 

per  cvnU  ;  aarface  of  bar  has  mottled  appearance. 

BU>m>tkia  of  inch  Metknw:  .16  inch,  .20  iaoh  (.43  iaoh  fraotored  Mctkm),  .U  inch,  .00  ineh,  M  lai6h. 
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TubB.(hrBeih) 


f^n^^,  I  ta^enUdl  AA .  3B.BM.  JJ. 

2vich*»  stem. 


5' 
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TESTS  BY  TENSION:    FTVI6    SPECIMENS  WHITTVORTn    STEEL  FEOM 

JACKET  OF  S  INCH  BEEECH-LOADING  KIFLE;  TWO  RPECIMEIiS 
WUri  WORTH  BiJ^EL  FROM  TUBE  OF  tl^  INCH  BEEECH  LOADIl^Cx  EIFUL 

AngmH  5, 1884* 
^       Ko.  375. 


lilmekM «a  W,  Ju      dUoMtor,  .664  iiieh{  xwttlftMl 


.25  aqnare  inch.] 


▲pfHadlMdt. 

m 

Per 

llOu  pW 

Ma. 

•qaan 

iiiflb. 

* 

P&undU. 

Inch. 

2!M) 

1,  ooo 

0 

1,260 

5,  Ooo 

.  000(^07 

2, 500 

10,  000 

.  (110233 

8,  V.'iO 

1 5!  ooo 

.  Ol>04UO 

ft,  000 

8l  250 

20,  000 

.  0<l03(t7 

25'  000 

.  0<.K.*7'i3 

7.  5<iO 

Ml'.  111)0 

.  000!(:<3 

3i,  <.K.>0 

. Ooiuuo 

8.0OU 

32.  000 

.001038 

8,230 

.  001  (H!7 

8,600 

84.  000 

.  uor2oo 

8.750 

35.  000 

.  00l2t)7 

9,  (too 

38,  000 

9,  250 

37,  000 

.  001400 

9,  5<)0 

3i<,  OHO 

.  001700 

9,750 

89.000 

.  001  two 

10,000 

40,000 
41,  MO 

.002433 

10,260 

.002700 

10.600 

4S.0OO 

!0041lt 

48,000 

11.  MO 

44.000 

11,280 

4«,000 

! 00(913 

11,600 

40.000 

.000700 

11,  750 

47,000 

.007533 

I'J,  000 

41^000 

.00&^33 

12,260 

49,000 

. 009 107 

12.600 

50.000 

.  OIO.'^O 

1.1.  000 

52. 000 

.  012000 

13.  ."iOO 

64.  000 

.  oi.ir-oo 

14,  000 

50.  000 

. 015667 

14.  r>oo 

58,  OOO 

15.000 

60.  000 

.019933 

15,  500 

62,  000 

.0?2^«7 

10,  000 

. 024993 

]fl,  500 

68.  000 

.  0*28807 

17,  000 

G8,  000 

.031t>(t0 

1",  500 

70,  000 

.  0.1.>4U0  ' 

18,  000 

72,  000 

.  04M  i 

18,  500 

74.  000 

.  O.M)0  1 

19.  000 

76,  000 

.  o:>33  i 

10.500 

78,  000 

.  0000  ' 

20,  000 

80.  000 

. 0700  ' 

20,  500 

((2,000 

.0833 

21,000 

84,000 

.0967 

21.600 

M^OOO 

.IMO 

21.720 

Jneh. 
0. 

.  000067 
. OOulftfi 
.  0(*01».7 
.000107 
.000)06 
.00U2UU 
.OtKXNt? 
.000033 
.000034 
.000133 
.  000067 
.  OOOOOO 
.000007 
.000300 
.000200 
.000633 
.000207 
.000007 


.001100 

.000600 
.000767 
.000833 

.001000 

.  OuOtuM 
. 001333 
.  001;  . 00 
. 001500 
.002167 
.002^33 
.001733 
. 002334 
.  0O2f.Q0 
. 00393 « 
. 002733 
.  00;t800 
.  0079 
.  0067 
.  0033 
0067 
.  0100 
.0183 
.0134 


Perma- 


Inch. 
0. 
0. 
0. 
0, 

Ik 

0, 


SOOOM- 

•We  per 


Jack 
0. 


.000200 


.000133 


.onioo 

.004W7 

.oosio? 

1 

.0OS633 


.0<>4266 


•*  tim»  of 
ftmctnre. 
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8p<Tific 


QENSKAL  SUMHABY. 


TruMilii  Htrt*iii;th  por  aqiiRrr  inch  of  <>ti;^in.il  Krctiott>«**»««a*«aa»«««><«»««a>«»«>»«>>poniidA. .     8A,  830 

KlaAtii- limit  p«*r  Hiinare  inch  of  urit^inal  «i'<-tiou  .......................... do   37,000 

Kloii^utioii  )>t>r  iticli  aftfi  rnpturu   .    ..  ................................. .iuch. .  .02133 

£loii|£iition  p<T  iix-li  iiiitU^r  Htraiu  at  i  Inxlir  limit  ...do  OOI400 

Kvilui  tion  iu  iliaiiiet«T  at  point  ot°  rii|<ttire  .....4o  ...  •OM 

K«<]uctiou  in  urea  afttr  rupture,  p«r  coutum  of  ori;;iuaI  hi-<  tion   30- S 

pMilion  of  rupture    :(5  iiit  h  from  nild«ll«of  slria. 

Chanctwof  ImvImb  mrflM*  graooUr,  70  per  rest.;  80  per  oest.  of  Uie  iiaciora  took  an  obU^oo 

I  tb«  bar,  appmatlj  Iknofli  ft  Man. 


of  taeh 


Kad7«. 


J" 


piMte«atar.B.B.| 


Applied  load*. 


TotaL 


Pounds. 

250 

2,  r.()o 

3.  750 
5.  000 
6, 250 

7.  500 
7,750 

8,  000 
8,  2:>o 
8,  500 
8.  750 
0,  000 
0.250 
0,500 
0,  750 

10,000 
10,  250 

10,  500 
10,750 
11.000 
11,250 
11,500 
11,750 
13,000 

11,  aso 

12.500 
13.000 
13,500 
14.000 
14,500 
15.000 
15,600 
10,000 
10,500 
17,000 
17.500 
18.000 
18,600 
19.000 
10.500 
10,720 


Uon  per  '„,f'°° 


Pound*. 

1.000 

5,  0(K) 
10.  (MIO 

1  r..  000 

20,  000 
25,  000 
30.000 
31.000 
32,000 
33.000 
34.000 

35.  OOO 

36.  000 

37.  000 

000 

;f.i,  <Hio  ! 

40.  000 

41.  000 
42,000 
43.  000 
44,000 
45.000 

46,  OOO 

47,  <HK) 

48,  Chhi 
41),  (MM) 

50.000 
52.000 
54.  000 
5fl.0ti0 
5H.  000 
60.  000 
C-2.  000 
C4.  000 
60.000 
08,000 
70.000 
72.000 
74,000 
76,  000 

man 


0. 

. 000133 
.  000267 
.000400 
.000*13 
.  0<J0flOO 
.001133 
.  001200 
.  001267 
.(K>i:<00 
.  001.'>33 
.002067 
.003300  > 
.004100 
.000207 
.000707 
.0O7»«7 
.008300 
.  0OOT67 
.000867 
.010533  I 
.0I1K13  ! 
.012707  i 
.013600 
. 015100  i 
.016000  I 
.017333  I 
.010400  ' 
.021033  i 
.024600  I 
.027600  : 
.031667 
.  OS.'i'fi? 
.  03X733 
.044667 
. 050333 
.OSWOO 
.0083 
.0783 
.0933 
.1107 


Perma- 
nent aei. 


Inck. 

0. 

.000133 
.  000134 
.000183 
.000233 
. 000267 
. 000233 
.  000^167 
.  00- 067 
.000033 
. 000233 
.  0OO.S34 
. 001233 
. 000800 
.002107 
.  000500 
. 001200 
.  ooo3:t3 

.  tH>0967 

.  (M'OfiilO 

.  (iO»if.rt6 

.  (i(ii;tiFO 

. 000034 
. 0OOK33 
.001500 
.000000 
.001333 
.002007 
.  0(n!.'>33 

.  003000 
.004067 
.004100 
.002000 
.005834 
.005660 
.007007 
.0052 

.oiro 

.0150 


0. 

0. 
0. 
0. 

.  0O0I33 
.  000167 
.000233 


Inch. 
0. 


.000133 
.  000034 


.001097 


.000483 


.010233 


.015433 


.006800 


Initial  load. 


UltimaUatrenfth. 
Load  al  Um  af 
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emsAL  tmauxr. 

mm  1  .111 II  ^^BalAw 

mMUopKn^  

Tniffoiiw  

TniBile  strength  per  sqiian  inoliof  odffaMll  ■•rtwi,*  ...........yoiuids.. 

Sbutio  limit  per  Moare  inoh  of  origlpM  ■aotiflB  ..........do....  flLMi 

Elongation  per  loon  after  rapture   ......tooh—  %.W 

ElonKKtioD  {>er  inch  under  atrain  at  elastic  Umtt   

I^n<tiirtion  in  diameter  at  point  of  rupture  

ltt<<hiction  In  aroa  aft«>r  ruptare,  per  ceutum  of  original  section   _WLt 

Poiiition  of  nipt  :irt«   ...   MliMkftMiBa*. 

Oharacter  of  bivkeu  surface  fine  granular.   Datl  spot  at  circamference  of  fractured  i 

craclcn  deTalof«l«B«yUBdik«lrarteMof  taria«k« 

fracture. 

lof  inohMOtloiM:  .ISinoh,  .ISiiMh  (.niaahftMlinadMatkM). 


No.  377. 


liSM*k»  on  tar,  J  J  j  diameter,  .664  inch ;  aectional  area,  .25  aquaxe  inch.} 


Poundt. 

2f>0 
1,250 
2,500 
8.750 
5,0<M) 
6,  250 
7.500 
7, 750 
8.000 
8,250 
8,500 
8,760 
8.000 

e,sso 

8,S00 
9,750 
10,000 

10, 250 
10,500 
10.7S0 
11,000 
11,250 
11,500 
II,  750 
12,000 
12,250 
12.500 
13.000 
18,500 
14,000 
14.500 
15,  000 
l!i,500 
18,000 
10.500 
17, 000 
17,500 
18,000 
18,500 
19,000 
10,500 
10,830 
17,900 


■qttan 


Founds. 
1,000 
5,000 
lO.OOO 
15,0110 
20,  OOO 
25.000 
30,000 
31.000 
32.0OU 
33.  OOO 
34.000 
35.  OOO 
Sfl^OOO 
S7,000 
18,000 
38,000 
40,000 
4U008 
41008 
43.000 
44,000 
45.000 
46.000 
47.000 
4«.  000 

49,  OOO 

50,  000 
52,  OOO 
54.  OOO 

:a  000 
r>8.ooo 

60.000 
62,000 
64,000 
86.  000 
68.  000 
70,  000 
72,  IMK) 
74.000 
78,000 
78.000 


Elonga- 
tion per 
IiMih. 


Inch. 
0. 

.ooorui 

.  00'i-jr,7 
.  oouloo 

.  OOOCdO 
. 00O8O0 

.ooiaoo 

.  001907 
.002633 
.  003 1 00 
.  003fK57 
.004500 
.005333 
.006(j00 
.006833 
.007407 
.008100 


.810800 
.811888 
.012800 
.018700 
.014433 
.  015733 
.  0165«7 
.018100 
.  02(K167 
.  O22O00 
.  025400 
.02HIOO 
.031300 
.  O.rMOO 
.  0,197H3 
.  045633 
.050600 
.0.59667 
.  0700 
,  0800 
.0067 
.1287 


Snocea- 
sive  elon< 

gatloa 
per  iaob. 


Inch. 
(1. 

.  0(i<ll.'i3 
,  0001  t4 
.  0(Mll.TI 
. OOOJuO 
.  0OO200 
.  00<»5UO 
.  00<>667 
.  OOOW56 
.  000467 
. 0OO8G7 
.000533 
.000633 
.000007 
.000983 


.081838 

.000807 
.001100 

,000733 
.001300 
.  000834 
.001533 
.001967 
.  002>t33 
.  W.'.500 
.  002700 
.  (>03L'00 
.  004100 
.  004 :w3 
.  OtifilXK) 
.  O041K)7 
.009067 
.010333 
.  0100 
.0167 
.0900 


nentaeO. 

Inch. 

1  0. 
1  0. 
0. 

8aooc«- 
■iveper- 

Inch. 

•••e«e«a«* 

0. 

0. 

1  .  oooloo 

.000387 

.000100 
•88888T 

.008267 

.008800 

« 000088 

.010888 

.801808 

.616067  1  .665234 

•  •••• • •«  «■ 

Beouu-ka. 


Micrometer  i«> 


Ultimate  strMurtlu 
Load  a8  ttaD*  of 
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OBHXBAL  81T1C1CABT. 

SMciflc  j^ravlty  

HardneHti  •  

Tcn«ile  stitMi;rth  jwr  square  inch  ot  kim  iIuq  poand*..  79,820 

Elaatic  limit  jx-r  unuare  inch  of  (iri>;iiiiil  section  do....  30,000 

Elonpation  yi.T  ini  li  aftoi  iiijitiiri-    inch..  0.2333 

Elongation  i»i  r  iu>  h  auUci  mii.hu  a  (  iiistic  limit  ■  •  .001300 

Reduction  iti  di.uni'tor  at  poim  <'i'  i  upttiK'     do  104 

Reduction  in  area  after  niiituie,  per  t  cutiuii  of  orii;in:!l  M"-tion   33.5 

PoAitlon  of  rapture  110  inches  from  neck. 

CtumMStor  of  broken  •url'«ce  jtrunuhir.    Dull  ^]><)t  at  liicunifereace,  and  auudl  duUDocketsin  the 

irraniilar  luetal.    Crack.t  duTttofsd  OB  tk»  «fUamMl       *  * 

liar  in  vicinity  uf  fracture. 

Xlongation  of  ioch  Mctioiu :  .17  inch,  .27  inch  (M  tnoh  fraotored  aeoUon). 


Ko.  378. 


K 


Thttftw  y 

— — ^ 


(liurka «ibar,  E  H} 


Applied  loada. 

fill  AAA. 

^1  Cm  A^lnTl 

Pur 

(ten  fmr 
laoL 

tin  11 

ZoUl. 

■qure 

ftflh. 

per  Inoh 

Pomia. 

JiMk. 

isu 

1,000 

a:  000 

l.MO 

.NOW 

.OMltt 

2,600 

10,000 

.OOOIM 

3,750 

15,000 

!oooiM 

.W01» 

6,000 

20.000 

.000000 

.000100 

5,250 

21.  000 

.000000 

0. 

5,500 

22,  Ot)o 

.000033 

.000038 

6,750 
e,ooa 

23,000 

.000007 

.000034 

24,000 

.000700 

.000033 

6,230 

25,000 

.000783 

.000083 

0,500 

20.000 

.000767 

.000084 

0,760 

27.000 
28.000 

.000800 

.000038 

7,000 

.0008»3 

.000088 

7.250 

29.000 

.0008«7 

.000034 

7,600 

30,000 

.00U900 

.000033 

7. 750 

31,000 

.000(03 

.000033 

8,000 

32,000 

.001000 

.000067 

8,250 

33.000 

.001000 

0. 

R,500 

34.000 

.  ooio3;j 

.000033 

8.750 

3.1.  000 

. 00«034 

0,000 

30,  000 

.OOIIOO 

.  tK)0033 

9,250 

37,  000 

.  oiin:{:i 

.  000033 

9,500 

3^.000 

.Wtllti? 

.000034 

9,750 

39.000 

.001200 

.000033 

10.000 

40,000 

.001233 

.00003:} 

10,  2.'.0 

41.000 

.001267 

.000034 

10.  rm 

42.000 

. 001300 

.000033 

10.  750 

43,000 

.001333 

.OOOOaS 

li,uoo 

44,  000 

.  0013C7 

.  000034 

11,250 

45,  OOO 

.001400 

.000038 

11,500 

46.000 

.  001400 

0. 

11.750 

47.000 

.  {h, W.V.I 

12. 000 

48.000 

.001467 

.  oo(»o:i4 

12,250 

49.000 

.001500 

.000033 

12,500 

50.000 

.  ool.irw 

.000033 

12,  7.10 

5L000 

.  000200 

Rapid  Htretchins. 

Load  ti  ll  to  47,000  po 

U,750 

47,000 

. 000067 

.004934 

12,750 

51.  000 

.011H33 

. 005100 

13.000 

52,  000 

.012033 

.000200 

13,250 

.W,  mo 

.  012.1.33 

.  000.300 

la^soo 

.14,  0(10 

.  oi.}:io7 

.  ooio;m 

18.750 

5,1.  owj 

.  OMl.rO 

.  ow7;t:t 

14,000 

5*5,  000 

.01.123.3 

.  oui  i.i;! 

HMO 

67.000 

.015000 

.000007 

J'eriua- 
nOBtMt. 

Sucre*, 
hive  poT" 
manent 

Jatk. 

9. 
0. 

.000007 

.OOOOM 

.  000100 

.000033 

•                ^.  ......... 

.000100 

0. 

.000100 

0. 

.000100 

0. 

.000100 

0. 

mdapermj 

oaroinck. 

.012083 

.OIUM 

Elaatio  Uaiit 
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BEPORT  OF  XaE  CHIEF  OF  OBDNANCE. 


Applied  load  A. 


! 


Pound$. 
14, 500 
14, 750 

15,000 

15,  54)0 
16.000 

16,  5<  0 

17,  COO 

17,  5*10 
If,  000 

18,  500 

19,  iioo 

19.  .'■.*Xt 

20,  llOO 
2l».  500 
21.000 
21,500 
22,  000 
22,100 
18,100 


Per. 
•qiMre 
inch. 


tioii  ncr  "'^e  "loO" 


pir 
iocb. 


Poundi.  ' 
68,  UOO 
5P,0OO 

000 
6.'.  000 
(U,  000 
80,  UOO 
68,000 
70.  COO 
72.  000 
74,  000 
76.000 
78,000 

H),  om 

82.  dOO 
84,  OOO 
88,  OOi) 
W.OOO 
88.400 


Inch 
.01«»-fl7 
.018100 

.  0102:13 
.  i»21600 
.  024 0C7 
.  027'  l!7 

.  (!:io:(n7 

.  <J'!7«00 

.  ('42000 
.  04i"rfifi7 
.  ()S2K»:t 
.  (»«i500 
.  or>K700 

.  urn 
.1438 
.1917 


Ineh. 
.  0(h  967 
.001-233 
.oiiii:<3 

. 002367 
.  00.'4«>7 

.  oo3:ioi> 

.002966 
.  0<'4'i67 
. 0O4000 
. fl040fi7 
.  (KitllOS 
.  U07fi67 
.008200 
.0146 
.  0200 
.0400 


,016800 


aive  per* 
maneat 


.004787 


Micromntar 
moTed. 


Fltimate  pfrtngth. 
at  time  of 


OnfSRAL  SUMIIABT. 


aeciflo  fravMif  •  
irdiiMS  

Teosile  ttreDgtb  per  Mqaiire  inch  of  oritdnal  necttOB....... ......■«....«....•..«. ...pMBit..  400 

Xliialio  limit  per  enuart)  inch  of  origioafeeotiuii  ...4*....      6o.  OOO 

Elongation  p«r  inch  afUr  i  uptnre  ......tMlt...   0. 223S 

Elongation  per  inch  under  strain  at  elastic  limit  .........dtt....  .Oill53l 

Seduction  in  diameter  at  point  of  raptare  .......... ......4*....  .IM 

Beduction  in  area  aAer  rupture,  per  eenlAni  of  orljdnal  MOdOB   47. 1 

Position  of  rupture  90  inch  from  : 

Character  of  broken  sarface  fine,  silky  {  taMe«f  i 

Himtrt^im  of  inch  seoMons :  .11  inch,  .17  inch  (.39  inch  fractured  seotioti). 


Ko.  379. 


.LA, 


.25  iiqi 


BloDga. 
tion  per 
iacn. 

Baeeee.  | 

sive  elon- 

Per 
square 

gation 
perlaeh. 

inch. 

Fmmd$. 

Poundi. 

Inch. 

Inek. 

250 

1,000 

0. 

0. 

1,250 

6,0<0 

.  000100 

.000100 

2.500 

10,000 

.  000200 

.  I'ooioo 

8,750 

15.000 

.  000400 

.  ooo2(y) 

5.000 

20,000 

.OOO.'iSO 

.000150 

6. 2r.o 

25,000 

.000650 

.  OOolOO 

0,  f>00 

26.000 

.  0007.VI 

. 000100 

8  7:.o 

27.  000 

.  0(M)MO0 

.000050 

7.000 

%m 

38,000 

.ooowo 

.009000 

m,m 

1  .MOIM 

.MOON 

Pcnnu-  hivo  per- 
nent  mat.  manent 


Inek. 
0. 
0. 
0. 

0. 

Ol 


Jnth. 
0. 


Initial  kMd. 
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Per 

tiuu  ii«r 
taioa. 

ulvc*  <  liin- 
i;attluu 

TotaL 

square 

par  Innh. 

ioch. 

Povmdt. 

Ml 

InA, 

7.500 

80.000 

,000000 

0. 

7. 750 

31.000 

.000000 

0. 

8,000 

82,000 

,000000 
.  0010*0 

.000080 

8,250 

S3, 000 

|,fiOO 

•4,000 

.001000 

0, 

1,750 

•NOOO 
•0,000 

.001000 

0. 

•,•00 

.001100 

.OOOIOt 

•.sse 

17. 000 

.001180 

scsoo 

•0,000 

.OMIN 

'  Ol  _ 

9,780 

•0,000 

.001110 
.OOIM 

10.000 

40,000 

'  a 

10,280 

41.000 

.001180 

.000050 

10.800 

42. 100 

.001800 

.000080 

10,780 

4:1,000 

.001300 

0. 

ll.uoo 

44.000 

.001320 

.000050 

11,250 

45,000 

.001850 

a 

11.800 

40,000 

.001400 

.000050 

11,750 

47.000 

.001450 

.00«<OSO 

12,000 

i%,  000 

.001500 

.000050 

12,250 

49.  COO 

.001500 

0. 

12,800 

50,  0<i0 

.001580 

.000050 

51.  OWJ 

.001550 

0. 

13.000 

52.000 

.001000 

.  0'J0050 

13.250 

5:{,  (HN) 

.001800 

0. 

18.A00 

.%4,000 

.  OOlC'iO 

.  OODO.OO 

13,750 

56.000 

.  0017.'>0 

.  (HHJlOO 

14.  Otto 

80,000 

.  O083JO 

.  tHWif.dO 

14  SSO 

57, 000 

.  00-.V)0 

.  OOlCoo 

14,  5  1) 

r.H,  fK)0 

.  0<  »400 

.  0(MU'50 

14.  T'lO 

.'.y,  oo'i 

.(K«"00 

.  Ol»0300 

15,  Oi»0 

W»,  Ot»0 

.  0108  -V) 

.  OliOO  'iO 

1  '>,  5<  K) 

6"J,  0»)0 

.01I8.V) 

.  Oil  1200 

1G.<  00 

C4.  000 

.  014  JMI 

.  0024110 

)«,  5<H) 

6fl.  t»iO 

.  0 .  ^>^.'»0 

.  OuliSO«t 

17.  too 

W,  (K>0 

.017.  r>o 

.  OnlSWO 

17.  5(K) 

70,  O'lO 

.  O'JIKJ.Vl 

.  OO.'itOO 

18,  U1M( 

.  O-'l'O.'iO 

.  OO  JiliiO 

74,  IMl'l 

.  0.'3I.'»0 

.  oi>;tioo 

19.  000 

7*t  IHKI 

. 027050 

00 1 IM  Ml 

•  V*'  1  WW 

loisoo 

7H,  IMM) 

.(KUC'OO 

.ooai'to 

20.  OO 

80,  000 

.  03:i8A0 

.  Oo:i450 

20.51  0 

8  -.'.  000 

.  03  '^ 

.  (H)i:t50 

21.000 

84,  000 

.  002.1 

2l.f>00 

8(V  »'  1) 

.  002.'> 

2  2.  OOO 

I II '-11 

.  (147.^ 

.0075 

22.  500 

IHI,  111(11 

.  d'l,',!) 

.  Wl5 

2:t,o<H) 

9-',  lOH 

.  iH ;.'],» 

.  01ii<| 

23,500 

94, 

.  OHI'O 

.01.%0 

24.  OtK) 

9<;  (H'li 

.1100 

.  o:m»o 

24,070 
HMO 

00,280 

.1050 

.0250 

Pornin- 
aentMt. 


Ituk. 


.000080 


.000000 


BULMBt 


Ok 


0. 


.000050 


0. 


.000150 


,000100 


ElMtioUmit 


Micrometer 
moved. 


ro- 


riMniBto  strcnpth. 
Lo>iil  at  time  of 
ftmotare. 


GENERAL  SUMMAlir, 

8n*<"lfio  gravity  '-  

Hardneiw   . .  '  .   «.  

Teniiili«  Htmi^ili  per  H<iii.^r»)  iucli  oT  orijcio.il  section  pounds.  96.280 

Khintic  limit  |>«M-  i4(iiiHrr<  tucli  (if  ni iginid  MOCtuO                                                          .  do   55.000 

KliJii^iiiititi  |>i  r  iiK'fi  at'tiT  iii)>iiiit<                   .  .................................... ....looh..  0.255 

)»  t  in<h  iin  li  r  Nti:iiii  .It  (>1nAtic  llatt.... ................................. .OOlTSO 

]{tMlu<  iii>i)  ill  <li:iiiit*ter  at  iMiiul  of  rupture   do  174 

RtKiucti  n  111  ir. »iifierni|Mm»ifor4rataM«f  orlgiiMlMettoB   5Zi 

pMillon  of  rupture   ............75  inob  fmni  owk. 

'«( iMolmMuiM*  «  Am  Bllkji  tMM  of  giMudotloa. 

t  .U  tack  ( J7  teoh  ftMtWid  ooolloB). 
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Ho.  880. 


1^ 


(Mark* on  bar,  L.  B ;  diameter.  Mi  ineht  ■eotkwMa  area.  ^ aqnarc  inob.J 


250 
1,250 
2,500 
3,750 
ft,  000 
5^160 

a^MO 
\m 
«.ooo 

«,2M 

8,500 
8.750 
7.000 
7,260 
7,600 
7.760 

8,  000 
H.  250 
8.500 
a.  750 
9.000 
9,250 

9,  SOO 
9,750 

10.  ooo 
10,250 
10,500 
10, 750 
11,000 
11,250 
11,500 
11.750 
12.000 
12.250 
12,500 
18.000 
U,600 

14000 
M^fioe 

IS.  000 
IS.  MO 

10,000 
15,500 
17.000 
17,600 
18,000 
18.800 
JftiOOO 
1»,800 
20,000 
20.500 
20.710 
18,000 


EloDf^a- 
Per      tlon  per 
nquAre  I  iocn. 
inch. 


l.OCO 
5.  000 
10,000 
15.000 
20,000 
21,000 
K.0OO 

n.000 

HOOO 
16,000 
10,000 
17,000 
38,000 
90,000 
30,000 
81.000 
82,000 
33.000 
34.000 
35.000 
30.000 
37,000 
38.000 
39.000 
40.  000 
41,000 
42.000 

43.  000 

44,  000 

4*;.  000 
4n.  000 

47.000 
4H.  000 
49,000 
50.  000 
52,000 
54,000 
68,000 
88,000 
10^800 


64,000 
60.000 
68,000 
70,000 
73,000 
74.000 
70,000 
78.000 
«0,  000 
82.000 
88, 8M 


.018860 

.050000 

.059350 

.067600 

.080000 

.1000 

.1325 

.1780 


Inch. 

0. 

. oooloo 

.000250 
.000350 
.000550 
.000550 


.000780 
.000800 


.000880' 
.001000 
.0C1080 
.001160 
.001250 
.  001400 
.001800 
.002150 
.  00'»«oO 
.004100 
.004000 
.  OOflOOO 
. 00C5OO 
.007500 
.008200 
.  OOtKJOO 
.  OOOT.'iO 
. 010500 
.011000 
.  01*2250 
.  <JJ2'<00 
.014400 
.016100 
.018250 
.030300 
.088360 
.028400 
.  038700 
.032250 
.085350 


Succen- 
aive  eloD' 

gution 
per  inch. 

Inch. 

0. 

.000100 
.000150 
.000100 
.000200 
0. 

.000050 
.000050 

a 


.000100 
.000100 
.000150 
.000400 

.  ooo:<:>o 

. OOOyuO 
.  001450 
.000800 
.001100 
.  000500 
.001000 
.  000700 
.  000800 
.  0007.50 
.  000750 
.  000500 
.  001250 
.  000550 
.001600 
.001700 
.002150 
.001950 
.003050 
.002160 


Sncces 
Perma-  i  sive  per* 
nentut.  miineDt 
aet. 


I 


Ineh. 
0. 
0. 
0. 
0. 
0. 


.880050 


.808100 


.000830 


Inch. 

a 


OOOSfiO 


.804300 

.oonoo 

.004880 
.000350 

.0082.50 
. 012400 
.0200 
.0325 
.0425 


Initial  IcMuL 


007950  I  .008500 


.012250 


irioraflMter 


TJltimati^  Btrcngth. 
Load  at   time  of 
fhictare. 


SpMlflo  gnvitf . 
Hardne 


GBNBBAL  BUlUCAJtT.' 


P<'r  sqoara  bioh  ti  ori| 

ni(uar«  Inohof    *  " 


i»tT*n«:t1i 
) limit  |i>-i  null 

BoDijation  per  iaoa  ,  

KlongBUoD  per  tnoh  imdw  afiain  •*  OlaaUo  Itaalt..., 

Reduction  in  diameter  at  point  of  rupture  

Bedaction  in  area  after  rapture,  per  oentomof  orijclnal  eeetion  

PuHition  of  rupture  

Character  of  broken  aorfiuse  granular  and  dnll  spono*.  Cylindxtoal 

viciuity  of  fracture. 

BmnatiftTi  of  inoh  aaottom :  .19  inch  (.44  inob  fraotored  aoction). 


.85  inch  from  neck, 
of  bar  naottlcdte 
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No.  381. 


— p — ^-nr- 


(MarktoalMr,  L.0.(  dianeter.  .fMlnoht  Motloiial aiM»  .26 •qnan iaoh.) 


1 

P«r 

«iv<«  eion> 

lotaJL 

tion  per 

gation 
p«r  laelk 

«MJ 

1,000 

A 

A 

V* 

1,  £00 

it  MWk 

6,000 

AMI  An 

1 A  iMA 

10,  000 

ABflMUl 

AAAIKA 

3,  7SV 

10,  000 

AMkAlUl 
•  VWWV 

AOOSAa 

K  AIM 

iU,  000 

•  (M6H 

IVMIflA 

•  VWIiUV 

9,  zso 

4f  AAA 

21,000 

OOflOV) 

A  Hjwi 

4A  #MIA 

M,000 

•  090000 

.MMfl0 

0^700 

MIA 

ma,  000 

*  000*100 

€01080 

ttA  AAA 

MAIM 

4K  AM 

•000010 

M  AM 

XOlOOO 

• 000000 

A. 

9,190 

A9  AAA 

X7, 000 

%0  AAA 

SB,  000 

*MBIIAA 

.000060 

«  MA 

^A  AAA 

XV,  000 

AAAACA 

<V  MA 

■A  AAA 

MIAAA 

7,  700 

Q1  AAA 

Bl,  UvU 

•  WiVtIV 

MMSA 

0,  000 

OA  AAA 

82, 000 

OA1A1A 

■  VUlVwV 

A 

H,  000 

MI1AA 

•  Mil  1 W 

IS  000 

A^  AAA 

94,  000 

Ant  1  lU) 

ft  tVKA 

700 

WE  AAA 

Bo,  000 

nut OCA 

nnniflo 

•  VUViUV 

n  AAA 

0,  000 

OA  AAA 
30,  000 

■  IAI190V 

A  OKA 

9,  iOO 

OT  AAA 

87, 000 

H,  3(10 

OO  AAA 

ao,  000 

lO  AAA 

tlW,  UUU 

AAAKAA 
>  VwUOUV 

1 A  AAA 
10,  000 

J  A  AAA 

40,  000 

AAAjUUl 

1 A  OCA 
lU,  ^OV 

A  1  AAA 

41,  000 

1 A  KAA 
10,  SOV 

4J,  000 

10,  760 

43,  000 

AAAQflO 

1  1  AAA 

1  1,  Ouv 

44.000 

AAAQnA 

1 1  Old) 

4^),  WO 

Ann?v> 

11,5*10 

46.  000 

■  ^AA^vV 

11.  7M 

47,000 

■  WIWW 

4o,  IHiU 

.  000650 

.001100 

12,250 

40,  000 

.  OlOS.'W 

.000700 

12,  OOO 

50,  000 

(Mil  '''iO 

13,  000 

52,  000 

.  Ol.'JOOO 

.001400 

13,  fiOO 

54, <H>0 

.015500 

.002500 

14,  im 

r4],  000 

. 017100 

.001600  ' 

14.  r^H) 

r.s,  000 

.  019200 

. 002 100 

15.  CKK) 

M,  000 

.  022100 

.  002900 

15.500 

62.000 

.  024B.5O 

.  002550 

16,000 

64,  000 

. 028 lOO 

.0«34S0 

1«,  500 

60.000 

.003100 

1",  000 

6H.  0(K) 

.  o;n5*<o 

.  003100 

17.  .ItKt 

70,  000 

.  03K(i.5O 

.0011.50 

IH.  000 

72,  000 

.  043($00 

.  •m'X'O 

18.5(H) 

74,  000 

.0.V>000 

.006400 

1».  000 

76.  000 

. 05HO00 

.  OOhOOO 

19,500 

78,  000 

.  065:>00 

.007500 

20,000 

80,  000 

.  077 jOO 

.012000  1 

20,500 

8-.',  000 

.  0975 

.  0200  1 

21.000 

84,000 
64.600 

.1825 

.OS50  1 

21.  150 

.17M 

.0415  1 

18,400 

1 

1 

.  002050 


.005550 


.009600 


.000100 


,001850 


.003600 


,004050 


Mkromoier 


Ultlmaia  •Irragth. 
Load  ftt  tin*  of 


SpAoiflo  fcnrl^. 
HardoMs  


GENEKAL  SUMMAiiY. 


Tennilo  strenirth  ]mt  !«qiiiirt>  inch  uf  i>i  i^ia  il  '^ootioB. .....•..•.■•....«•«. .......  . 

EInatic  limit  por  Hqiinro  inch  uf  oTi;!;iii,il  HecMou..., ..................... ......... 

Eloni^AtioD  p»<r  inch  after  rapturo  •••....•«...•..••.••...•*•..... 

KUmgatiun  por  inch  lunlor  strain  itt  «i!»«ti(^  liinif  

Reduction  in  ili.i;iii'!ci  ,ii  point  uf  niptiiro  

Rftflnction  in  iiroa  rtltoi  Tiipiur»«,  |»fr  ceutiiin  of  ()ri:;in;»l  rtecti<»n  

PMition  of  riiptiiro    6.'>  i'ldi  from  nook. 

Ch*nu:U>r  of  broken  !<urfu  «<  ...dall  fl]ii)ii;;y.  ('ylinilricul  Anrfao<> of  bar motUed ia TioiaitJ o£ i 

UongatioD  of  looh  sectiuua :  .15  inch  (.41  inch  fraotareil  oeolion). 


84,600 
34.000 
0.28 

.do...  .001150 
.do...  .164 

40.7 
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TESTS  BT   COMPBBSSfON;  Pomt  SPBOUCBNS  WHTSWORTH  BTOb 

FROM  JACKKT  OF  8-rNCn  HKEECH  LOADING  EIFT.K  ;  FIVE  SPBd* 
MENS  WTfT  rWO&Tfi  BTBJBds  F&OM  XUBfi  OF  S-UICJB  B&SSUm-IA>AIh 

mOt  RIFLE. 

August  5, 1884 
Ko.  392. 


(Mttln  eo  bar,  C.  C. )  4iJUiMtor,  .798  iaeb  ;  moUodaI  arM.  M  m\mMat%  lm<d».] 


Applied  loiula. 


Pound*. 

SOU 
2,S00 

6,000 
7.  5(»o 

lu,  ooa 

12,500 

lIvOOO 

14.  I '00 
14.  Mo 

ir,,  vw 

]  T<, 

1G.000 
18,  Bim 
17,000 
17,500 

18.  met 

18.000 
19^800 


20,500 
21.000 

st,oco 

11.M0 


Per 


Compr**- 
•ioD  per 
iooa. 


Pounds. 
1.  uoo 

2,500 
10.000 

].\000 

2n.  000  ! 
'J.'),  m»ij  ■ 

2'i.  (MM)  ' 

27.  m)  I 

'JjJ.  000 
211.  (tii()  ' 
:{ri,  (K>0 
31.  <iOi»  , 
S'J,  ('00  I 
XI  0(10  I 
34.  000 

3.^,  000 

36,  000 

37.  OUO 
U^OOO 
19,000 

4I^«0D 

41,000 
42,000 
«t.000 
44.000 
4^000 


Inch. 
0. 

.000075 
.000250 
.000425 

.00OS25 

.  oo(i7oo 
.  oodT.^O 
.  0<H)77.'p 

.  OOdH'J.'i 

.  o<h)k:.u 
.  0(i<i'>oo 

.  ('CM ►07.') 
.  t'OlOiiO 
.  01' I  (125 
.  (M'lOSO 
.  OOl 125 

.  002.100 
. 003025 


.004450 
.004075 
.006225 
.OOOOSO 
.000675 
.007400 


Siiccos- 
■itreoooi 
pnMKioo 
per  in  oil. 


Inch. 

0. 

.  000075 
.000175 
.000176 
.000100 
. 000175 
.  OCMXliW 
.  OtJ0025 
.  OOtHTiS 
.  OOOUJ,'> 
.  0(K»02.> 

.  oooD.'iO 

.  000' 75 

.  mmzs 

.  0001125 

.  oofl(r7r> 
.000425 
. 000750 
.001S25 

.  000(500 

.000225 
.000225 
.OOOS-V) 
.00082.': 
.000035 
.000725 


Perm*- 
nent  Mt 


0. 
0. 
0. 
0. 

0. 

0. 


aire  per 

IDMI«Dt 


Oi 


.003000 


.006750 


Initial  loMi. 


OMiMNir. 

^Cocnpreoaion  and 
Mlaftvr  teat. 


Test  disconituaed. 


OBNSKAL  SUIOCA&T. 

SlMtio  limit  per  aqoftre  inch  of  ori£ioAl  sectloa 


poaad«..  M.0t0 


I 
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ISO,  m 


3709 


■ire  per- 

IHMMMlti 
ML 

Initial  iMd. 

soo 
s,soo 

0,000 
7.600 
10.000 

IS,  soo 

1«.000 
IS,  800 
14,000 

14.  SOO 

I'l,  000 

15,  500 
Ifl,  000 

16.  500 

17,  OOO 
17,  5i>0 
18,000 
18,000 
19,000 
IP,  (500 
20,  000 

21.000 

21.500 
2l',  000 
22,000 


Por 
inoii. 


Poundt. 

1,000 
S,000 
10,000 
IS,  000 
20,000 
29,000 
20,000 
27,000 
28,000 
28,000 

30.  000 

31.  000 

32.  <K»0 

3a,  000 

34,000 
35,000 
30,000 
87,000 
88,000 
SO,  000 
41),  OOO 

41,  000 

42,  000 

43,  000 
44,000 
46.000 


Oompre** 
■ion  per 
ImjL 


.000750 

.00087S 
.000000 

,  0f>0025 
.  000975 
.  001000 
.  001050 
. 001075 
.001150 

. 001300 
.001525 

.  ooii'Sy 
.002i»2S 
.004050 
.004025 
.005725 
.006375 
.007725 
.008450 
.000500 


Soooes- 
■ive  com. 
proMloa 


JmI. 


.000150 
.000150 
.000128 
.00002S 
.000025 
.000050 
.  0(M>025 
.  0(M  O.jij 
.  00«K)25 
. O0OO75 
.  000075 

.  wmi(> 

.  000225 
.000525 
.000875 
.001125 
.000875 
.000800 
.000850 
,001150 
. 000725 
.001050 


Penn»- 


0. 
& 

CI 

0. 
0. 


.000050 


000060 


.000250  .000200 


,008425 


.007725  1  .004300  ,  TeetdiMonliaowL 


Undi  p«r  MUMtt  ImIi 

onpertoch  " 


on  pnt-  inrh  nsder  35,000 


GSNEBAL  SUMMUtT, 

••.•...•••••••••...•■•.poiiads..  32,000 

 „„  r.-lnoh..  .001075 

 .4*  mm 


6191  OSIK 


47 
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Per 

•qaAro 

Pound*. 

Pounda. 

600 

1,000 

2.600 

5,000 

s»ooo 

10,000 

7,  no 

IS,  000 

10.000 

10,000 

1S.S00 

26,000 

13.000 

26,000 

I3,S00 

27, 000 

14.000 

28,000 

14,900 

20,000 

15.000 

30.  000 

15. 500 

31,  000 

16.000 

32.  000 

16,500 

33,  OOO 

17.000 

34,  000 

17.500 

35.  OOO 

18,000 

36,  000 

IS,  500 

37,  000 

10,  000 

38,  000 

19,500 

30,  000 

20,  (I  II 

40,  000 

20.  5<»M 

41,  000 

21,000 

42,  000 

21,500 

43,000 

22,000 

44,000 

22,  MO 

46^000 

Comprf  « 
•ion  per 


Inch. 
0. 

.000175 
.000325 
.000450 
.000600 
.0O0»«O 
.00087S 


.OOOOM 

.000075 

.  ooio'jr> 

. 001075 
.OOll.V* 

.ooi:;oo 

.001300 
.  OOlKT.'i 
.  0O447r. 
.  OO.'lhOO 

.  {m:m 

.  ■,in,-.|-:> 
.  oo;if;oo 

.010675 
.011500 

.oi:i&60 


proMion  neni  Mt. 


'  SaooM- 
siTe  per- 


Inch.  I 
0.  I 
.000176  : 
.000150  I 
.000125 
.OOOISO  I 
.000200  i 
.OOOOli  . 


.000025 

.000025 
.000050 

.000090 

.  000075 
.  00<H).'10 
,  OOOICO 
.  000575 
.  OO'iflOO 
.001325 
.  00<I700 
,  0(M>775 
I  ■'  II  r.ii  I'l 

. 000975 
. 000775 
.  0<HK>25 
.001050 


Intk. 
0, 
0. 
0. 

0. 

.000075 
.000105 


.000135 


Jndi. 
0. 


.000075 


000025 


OOOSOO 


.011000 


,  0t/0ti75 


Elastic  limit.. 
lUpid  (leflectioa. 


004250  .  Tent 


rrENKKAL  SnUMATty, 

BbkStiO  liniit  I'.-r  .-"MniM     ir.'li  m['  iiri:;l[i;ll  ''f'-tion  

ConJ|ti<  Hsi<.[i  |H  1  111.  I.  uiiili-t^t  1        i'  .  I.isi  i.  Hunt   'm"""!'**""**"*"*         taidt  MIM 

Compreauvn  per  incli  under  34,000  pounda  per  squittv  tnoh!!.'  ' "•-•.—.-.....jwii..  .mm9 
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5T9 


(MUteon  tar,  1 1|  diMMtar,  .1M  taMh;  •ectiooal  area,  .50  sqaare  inch.] 


Applied  lofMls 


800 

2.500 
6,000 
7.500 
10,000 
11.500 
as.  000 
13.500 
14.000 
14.500 
15.000 
15,500 
18.000 

16,  500 
17,000 

17.  MO 
18.000 
18,500 
19,000 
19.  500 
20,000 
20,5(10 
21,000 
21,  500 
82,000 
S9L800 


1,000 
5,000 
10,000 
1^000 

ao.ooo 
x^ooo 

30,000 

27.000 
2ii.000 
29,000 
30,000 
31,000 
3-2,  »>00 
33,  000 

:h.  o«>o 

35.  000 
30,000 
87,  000 

38,  000 

39,  000 

40,  000 

41,  OOW 

42,  000 

43,  000 
44,000 
49^000 


0. 


.ooons 


Inch. 
0. 

.000225 
.000225 
.000100 
.00017S 


.001000 
.MIOIO 
001U5 

.ooms 
.ooiasoi 

.0015M  ' 

.oosus : 

.00242S  I 

.  0O27W  I 
.003200 
.  003575  ( 
.0041?:)  ' 
.  OOS'AVJ  I 

.  oofiO'j:>  I 

.  0W075  I 
. 007375  ' 

.  oo«i25  : 

.  00rt(75  I 
.009700  i 
.010160  i 


.000100 
.000115 


.00017} 


J^fi'  *ive  coia. 
p«rinch.  J^i^l 


.O0OS7S 

.  0O0.'»5O  ' 
.0<Mri5 
.000775 
.000650 
.  O01170O 
.  000"  V) 
.  000850 
.000725 
.000700 


1 

Rema- 
nent oot. 

Siuca«- 
iiive  per- 
mani^Dt 

Inch. 

Inch. 

0. 

a 

.000025 

.000030 

.000025 

a 

.00001$ 

a 

.000050 

.000025 

.000160 

.000100 

THMtfrHmlt, 

.000876  1  .000116 

Paroavtibto  diAee- 
Tectdiaocotliiaad. 

1 

.001600 

.OOUK 

.005100 

.oonoo 

.006800 

1  »oorao 

OBVBRAIt  BUXMABT. 


Ela-''tir  limit  i>i  r  r>qiiaro  Inch  of  orl^lnol  Hoction_  

Comproeaion  w>r  iucb  under  strain  at  daatic  limit  

^    «-  *-^aIldfBr  66^000  pooado  per  ■^iMwetooh. 


IttOh. 


tr.ooo 

.601050 
.06667ft 


I 
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fibrin «a tar,  KK|  dimelnv  .TV fawh ;  iMtloulaMi M iqi 


600 

2.aoo 

5,000 
7,500 
10,  000 
12,500 
18,000 
18,600 
14.000 
14.800 
18^  000 
18^600 
11.000 
16^800 
17.000 
17.600 
18,«00 
18,500 
19,000 
19.600 
20.  000 
30,500 
21,000 
21, 500 
22,000 
22,600 
23,000 
23,500 
24,000 
34.600 


Per 
squan 


Com- 
pression 
per  Inch. 


Poundi. 
1.000 

5,000 
10.  000 
1 5,  i)W 
20.  000 
25,  000 
28,000 
27,000 
28.000 
28,000 
80,000 
31,000 
32.000 
33.000 
84,000 
36.000 
30,000 
87.000 
38,000 
39,000 
40.000 
41,000 
42,000 
43,000 
44.000 
46,000 
46,000 
47,000 
48,000 
40,000 


Inch. 

0. 

.  000100 
.  00027.^1 
.  000475 
.  000575 
.  OOOSOO 
.  000825 

.  iH)08r.o 

.000el75 
.000926 
.000050 
.001000 
.001025 
.001050 
.001100 
.001200 
.001250 
.  001275 
.001300 
.00132$ 


Sncoos- 
sivc  l  oni- 
prossion 


,001710 


.005275 
.005050 
.006700 
.007500 


Inch. 

0. 

.  000100 
.  000175 
.  000200 
.  000100 
.  000225 
.  000028 
.  000025 
.  000023 
.000050 
.000026 
.000050 
.000025 
.000025 
.000050 
.000100 
.000060 
.000026 
.000025 

.ooooss 


.oniBo 

.O0U76 

.000276 
.000675 
.000750 
.000800 


1 

I'trnm- 

Himneni 

Inch. 
0. 

0. 
0. 
0. 
0. 
01 

Inch. 
0. 

4 

«L 

.008876 

.008875 

.000?lf 

OEKERAl 

BiaifcfWra^iiftre  Inch  of  eriRiaal  seotina  ^  Mi^i..  40.000 

Mkmpcrlnoh  under  stntia  at  elastio  Unit  .'..iMk..  .  OOtOS 

pFMsion  per  Inch  under  42.000  jKnit»»l«  p<>r  «miftr«»  inch  do  001750 

Xhs  direottou  of  deflaetran  wMTevwwed  m  (he  loads  were  inoroMed  tnm  48,000  poaads 
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J.  00 


Applied  loada. 


Ml. 


500 
2,  .'.OO 
5,000 
7.500 
10,000 

10.  m 

1 1 ,  :m) 

12,000 
12.500 

13.000 

la. 

14.000 
14.900 

1&,000 
15,900 

le.ooo 

16.900 
17.000 
17.500 
18,000 
1M.500 
IS,  060 
19.&00 
SO,  000 

9a.soo 

S1,000 
S1.5O0 

n,ooo 

Bl,600 


Per 
«qnar« 


Com-  -il"®^ 
per  iaeli.: 


Pounds. 

1.000 
5,  000 

111,  m) 

15,  I '00 
2ii.  I'OO 

21.  COO 

22,  WM 


2:t, 

24. 

25. 
26. 
27. 
28. 
20, 
30. 

31. 
32, 
33. 
34. 
35. 
36. 
37. 
88, 

», 
40, 
41, 
42. 
43, 
44, 
46. 


(1(10 

000  : 

000  ! 
000 

ooo 

000 
000 
000 
000 
000 
000 
000 
000 
000 

ooo 

000 
000 
000 
000 
000 
000 

coo 

000 


Inch. 

0. 

.  ooortMO 

.  OtKI.'tOO 

.  tHH>(i75 

.  Ot)u72r> 
.000750 

.ooomo 

.000875 
.000900 
.000050 
.000950 
.000975 
. 001075 
.  001225 
.001450 
.001750 
.002000 
.002300 
.002860 
.003100 


Jnek. 

a 

.ooom 

.  m>oi75 

.  <Hio:joo 
. 000175 
0. 

.  i)o<)<i7r» 

00002 
.000025 
.000050 

.  00007.') 
,  01 '002  S 
.000030 
0. 

.000025 
.  000100 
.000150 
.000226 
.000300 
.000250 
.OO0.VX) 
.000350 
.000250 
.OMRS 
.900476 


Inch. 
& 
0. 

a 

.000060 
.900100 


SaooM* 


Ituh. 

a 


iBillalkiML 


.000060 
.000060 


.00012ft 


.000760 


.0(»7&0 


KlasttoUwtt 


QxttKstALnntMAxr, 

KL-uitio  limit  por  Hqneirn  inch  of  uri^iiial  Ai-ctinii  .......••........••.••,«•«,...,„,,.,. pooilds.. 

^wq|WMtoapor  mob  oadw^g^at^  ....••••••«....•.....  * 

There  waa  no  apr^rt'ciiiblo  permui«nt  enUrgmnent  of  tb«  diMn»t«r  of  the  bar  at  om  Mif 
nlddto  of  iu  iength  and  »t  too  oUmt  ead  tlM  tuJaigamoat  Is  diun^er  wm  .019  inoh. 
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Fowndt. 

2,600 
S.OOU 
7.600 
10,000 

12,  500 

13,  000 
18,500 
14,000 

14,  500 
IT),  000 
15.500 
10,000 
10.600 
17,000 
17,500 
18,000 
18,500 
1»,000 
19,600 
20,000 
20,600 
21.000 
21,600 
22,000 


Per 
»uaar« 


I'onndg. 
1,  000 
f),  ooo 
10,  000 

20,000 

25.000 
'.'6,  (KK) 
'.'7.  0^>0 
2S.  (XK) 
'.'O,  000 

:io,  000 
31,000 
32,000 
33,000 
34,000 
35,000 
30,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 


rom- 
prewion 
partDch. 


Inch. 
0. 

.OuOl&O 
.000275 
.000460 
.000625 

.000775 

.  iH.)U775 

. 000925 
.  ooij975 

.  i»uii:;5 

.001260 
.001525 
.  W2100 
,  O0'J62o 
.003300 
.003950 
.004650 
.0^175 


.007^ 
.007950 
.008725 
.0M475 

.olom 


Saooes- 
«{▼«  com 
pxeMum 
p«r  inoh. 


Inch. 

0. 

.000160 
.000125 
.000175 
.0*0175 

,  oooir.o 

0. 

.tiooloo 

.000050 
.000050 
.000150 
.000125 
.000275 
.  00057S 
.  (M>05l'o 
.000675 
.000650 
.000700 
.000525 
.000600 
.800928 
.008660 
.000700 
.000776 
.000750 
.080700 


1 

nOBlMt, 

Bac4^- 
siT0  per- 
nuuieiit 
•H. 

A 
V. 

0. 
0. 

0. 

1  .UOOOoO 

A 

. 000025 
.0000'^ 

.OO00B 

.0801TB 

.602326 

,009006 

.081176 

•  OQMO 

Ketuarks. 


ElaatioUmU. 


PcToeptSkto 


OENEBAIi  StniMABT. 

KiMtto  limit  per  sqaare  inch  of  original  moUmu.....  •>»•«•.•...•......„,. 

Oompreuion  per  inch  under  atnUn  at  elMllo Unit  

■     -  r  80.080  poimdoptrotuniMli  


Digitized  by  Google 
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Onuking  specimen, 
Ko«  899. 


58S 


SiMoiRMn  loaded  nith  74,700  ponndaalSO.OOO  per  ■qnMe  inch 
iJUtortlon  t<H)k  place  by  deflecting  litfcenilv  and  tM 
Leogih  of  speoimeit  After  the  teat,  1.68  incoes. 


UTo.  400. 


loaded  with  74,700  poaiida= 50,000  pounds  per  squaro  Lnoh. 


F.  H.  PAEKER, 
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THE  BARBETTE  CARRUGE  FOR  15-INCE  ^Muuiii-BORE  GUN 

AMD  U*INCH  RIFLE. 

(9  PLATES.) 


Digitized  by 


FUTE  L 


Digitized  by  Gocigle 


I 


Digitized  by  CO' 


C 


APPENDIX  88. 


PROPOSED  lO-mCH  STEEL  BREECH-LOADmG  RIFLE. 

(1  PLiiTB.) 


687 


Digitized  by 


Digitized  by  Google 


PLATB  I. 


L.  STEEL  R: 
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Appendix  39. 


SHOmm  STAnONS  and  duties  of  the  officers  OWTHEOSlOfAMOM 

J>MFAETMEHT  OH  OCXOBER  1,  1S84. 


EKIUAUIKU-QK5KUAL. 


Stepheo  V.  Bendt  

COLOXEL8. 


Chief  of  Ordnance  ,  \V  aeMugtoa,  D.  G. 


1.  J.  HoAUiater,  breTet   Conuuaodiog  the  BenioiA  Anexud . . .  Benicia,  Cal. 

1.  SbCMvplBk  bMf«l.*«.M.**>»l  QmmmiUmg  lh«  (MMMwAflMiv.  Comer  uf  HooRtoa  and 

I  Gn-eiiP  streeta,  New  York. 

'     Post-office  box  1811. 
Comniandiiip  th»>  New  York  Aisnial,  ',  Govenuir's     IslADd|_  ITCV 
president  of  the>  Onlnaiu  »■  Roard.  TorkOtty* 
an<l  member  of  Board  on  Foundry  1440. 
for  HcHTieat Cannon,  Sic,  anil  I'rcs- 
ident  of  Bowd  for  Teetixig  Kiflea 


3.  T.  O.  Baykv,  bnvetS. 


1*  ^slL^VktttMHflff^  *«•«»•••• 


2.  A.  K.  lUitlinuton. 
i.  I>.  W.  Flagler,  brevet 


■ • ■ • • •••• • • < 


4.  A.Moirdeoai.  brevet......... 

MAJ0K8. 

1.  ^^^il^iJJ^'''*^*^  Ueoten- 
8*  iT>  P*  Parley 

4.  L.  &  BabbiU  

yr.A.'Mm  

«.  L.AfMU.Jr................. 

f.  aoMdif  

9,9, 

CAPTAZm. 

1.  J.  W.BiiUjr.  krml... 

•.as.  MtchMli*,  Invm 

4.  C.  E.  DattM  

&  J.O. 


On  datj  in  tlwgflM  cTlteOUlf  of 

Ordnanc*. 
Comman>iiii_'  the  National  Annory  .. 

Coniniamliii;:  the  Itook  Inland  Arae- 
nal. 

Commanding  the  WatervUet  Anenal. 


Commanding  th«  Frankford  Anenal, 
and  PreeidfUt  of  Executive  De- 
p«niu«>ut«  fkiard.  World's  ladiia- 
trial  and  Cottoa  tl— lllBllI  TlM 

bition.  IRM. 

Cotninandiuj;  (lio  Wnti-rtovrii  Arne- 
nal  and  memlwr  of  Hoard  for  Test- 
ing KitliMl  CanncHi.  kc. 

Coniniundingthe  Unit«  d  States  Pow- 
der Dtipot. 

Comnianaing  the  Fort  Mouro««  Ar- 
wonal. 

ComniandtBg  th*  ▲nipula  Anenal.. 
Commaaitam  llM  8m  AalMrio  An^ 

nal. 

Inatractor  of  Ordn  an  ce  and  Oiuuiery, 
United  States  MiUtaiy  Aoadsaj. 
Commanding  Um  Mat  LMte  rmW' 

dar  Depot 
Memborof  the  Ordnance  Board  and 
member  of  Board  for  Testing  Bi> 
fled  Cannon,  Ajc. 

the 


tiM 


nal, 

Aaaiatant,  Frankford  Arsenal  

On  duty  under  the  Interior  Depart- 
ment. 

Book 


Rpriogflcld,  Maaa. 
Kock  Island,  IlL 

Weot  Iroj,  ir.  Y. 


Phihidelpkia,  Pa. 


Dover,  N.  J. 
Fort  Monroe,  Va, 


Governor's     Island,  VMf 
York  City.  -  ^ 
1440. 


Pa. 


Philadelphia, 
Geolofcioal  Snrrey, 
ton,  D.C. 

-  m 
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Bank  and  name. 


CAPTAnift— ConttnuAd. 


t,  0.  Bryant 


A.  L.  Vamov. 
J.  C.  Clirt..r<l 
J.  K.  UitNjr... 


10.  J.  Pitdian . 
U.  0.1 


12. 

v\. 

14. 


H.  Motcalfo  ... 
W,  S.  Starring. 
C.  S.  Smith.  ... 


15.  S.  £.  Blunt. 


18.  F.  Heath  

17.  D. X. Tajtor,  A.  P.C . 

U.  ])^A.l7le  


19.  J.  Rockwell,  Jr  

aO.  J.C.  Ay  re*  

FIH8T  LiBtmuuum. 


Duty. 


CoromandinK  the  Vancoaver  Bar- 
racks Onlnanco  Dtjjot  and  ("Iii»«f 
()rdnnnc«3  Oflloer.  D^-paitniftnt  of 
tlie  Columbia. 

Afslstniit,  Ri>ck  iHlntid  Ai><riial   

AHfliHtnnt.  Waff»rvlii-f  Arxt  ii  il 

Coiuinuiidiii;;  tlio  Kiut  L«  n\ cmvurlli 
Ortlnaucn  Dvfwii  anH  Cbl<»f  Or»l 
littiK't^  Oftlor  DepuittufUl  of  tbe 
Misnouii. 

AH«i»»t«nt.  Wafci to'vn  Arsenal  

Menilxirof  tin  i  ii  dn.itii  !■  lk>.ii  <l  iiutl 

iiH'inhiTiif  Hu.it i|  lur  l'ff»tiii^; Killed 

( '.iiiri'pii,  ,\  r. 

Af«>i-iaiit  W.iti  rvllet  Artuual  

AH.-.ist!in».  N.-ittoual  ArmorA'  

Priutip.il  An«ii*tiint  in  the  Ordnanro 

Chief  Oniiiauif  Orlict  r,  D'-pjvrtiut'iit 

of  Dakota. 

AmiMtaiit,  National  Anuory  

To  Ww  Coinmutiiliiii;  Q«ll«nl  XHrfah 

ion  of  th*  Tat  itic. 
On  foiii!(Ii  \  iliitv.  and  monilM-rof  the 

Board  on  I j!"«*-Hn\inc  Appitiitiis. 

Ac.  nnd«-r  tU  •  S.-(  rctarv  of 

TnMHurv,  and  Mi  iiiln-r  of  Hoard 

forTfi»tin<:  Killed  rjumoii.  &o. 
Commanding:  the  Fort  A brabam Lin* 

coin  Ortlnanro  Depot, 
▲aaiataat,  Uenida  Ar—aal  


■ver,  Waabin^Luu  Icr- 


Rork  Inland.  111. 

W,  -t  Troy.  N.  Y. 

Fun  LoaTon worth,  Kaaa. 


Watt'ttown,  HaAx. 
(lovernor'rt      Inlaod.  XirW 

York  City,  ruftt-oificc  box 

1449. 

WtKl  Troy,  X.  Y. 
Snrin'rflr'la,  MaiM. 
WaHliinjrtou,  D.  C. 

Fort  Six  llin::,  Minn. 


]k>ston.   MaM.  t 
box  2258. 


Fort  A .  Linc<»lii,  Dak. 
B«aioia,  Cal. 


1.  21.  W.Lyon  .....I  Aariatant,  Wat«rtown  Araeiud  — 

S.  O.W.'WIilpplB  I  On  duty  with  the  OtdoaaM  Board. 


3. 
4. 
5. 
0. 
7. 
& 


10. 


A.  H.  KuHHCll.. .......... 

R.  Htnii*^.  jr  

I.  MaoNutt  

C.C.  Morriaon  

F.Bakar 


Aaaiatant.  B«'n{cia  Ara«na1  

On  foundry  dim  

AaalBtnnt,  Frunkfoixl  Artwtnal  .. 
Aaaiatant,  Riuk  l.-^bnil  Arsenal 
ARHi.Htant.  Fraokford  Araennl 

Oi.B.intdiaa  I  Commanding theChajMOtfOvdiianM 

D«pot. 

On  ftnindry  dnty  


RDtBanp. 
JLLuBraff... 


11.  C.H.  Clark. 

11  ir.i 


It. 
14. 


W.B.  OoidflB 


11 1".-,^-  


Obdhajicx  8toi 

A.  R.  M.  Morgan,  captain 
W.  H.  Bexfnrd,  captain  . 
D.J.  Yonns.  rjiptain 


WatertowB,  MaiM», 
Governor'!*     lalaikL  Npw 

YorkCitv.  Foat^ffioehadC 

1449. 
HfHiri-i,  Cal. 
Ci.lil  S;ii  Mis;.  X.  Y, 
Pbiladelidiia.  Pa. 
Rook  Island,  111. 
PhUjutelphia.  Pa. 
CiMfMUW.  wyOL 


Aaaiatant  lustmrinrof  Ordnance  and 
Unnu<>rT.  Uuit«>d  SUtoe  Military 
Arademr. 

Aaaiatant,  Katimial  Al 

Aaaiatant  to  the  Ordnnaoe 


AMiataai,  Wat«Ttown  Araeoal  I 

Acting  Aaaiatant  Prof<*«!)orof  PbOmi- 

ophy,  rnU^dStataaMUitary  Aoad. 

enty. 
On  fonndry  duty 
AotteK  Aaaiatant 

matloa.  United  Statea 


On  duty,  ADegheny  Araanat .. 
On  dnty,  IndtanaiMlia  Awanal. 
On  doty,  Watarvflat  AvMfMl . . 


If.  J.OmiHah,  captain  '  On  dntr.  Ancoaln 

Y.MeNaUy,  captain  I  On  duty  in  tSa  afl 


«rtiieChi»r«r 


Boatoo. 
ban 

WaatFiiint,y.T. 


Springfiehl  Maaa. 
Oovamot  a  lalaad, 

York  City.  ~ 

144«. 


WaatFMnl.y.Y. 


 O, 

wank  VMiilk  IT*  Y. 


Pa. 


TnWaBgiwiMaJnd. 
Waal  Tray,  V.  T. 
Angnata,  oia. 
Waahiagton,  O.  C 
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table  of  calilHir,  length  of  bore,  &c  (Appendix  24}  305 

l88rKH  f»K  8TORK8  : 

to  the  Army  (Appendix  3}  4& 

to  the  militia  (Appendix  5}  S3. 

to  the  Territories,  under  joint  resolutions  of  Congress  (Appendix  0}  ZS 

to  colleges,  under  section  1225,  Revised  Statutes  (Appendix  7}  7i 

LKE  MAiiAZINR  GUN  : 

ready  for  issue  to  the  Army  for  trial   i 

LIFK-8AVINO  GL'NS: 

report  on  the  manufacture  and  in8i)ection  oflQQ  2.5-inch  smooth-bore  bronze 

guns  and  1,200  projectiles  (Appendix^  3© 

inechunieal  tests  of  the  metal  of  above  with  the  United  States  testing  ma- 
chine  M 

chemical  analysis  of  samples   Ifil 

Lylk,  Capt.  D.  a.  : 

construction  report  of  the  O^-inch  Mann  breech-loading  rifle  (Appendix  ^  .1U6 
report  on  the  phvsical  pro)>ertie8  of  materials  for  gun  construction  of  tho 

South  Iloston  iron  Works  (Appendix  31}  481 

Lyman-Haskkll  multichargr  gun: 

damaged  in  the  firings   1£ 


"ing 

results  of  the  trial  of   Ift 
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Lyman-Haskell  multicuarub  gun — Continued. 

report  ou  the  trials  of,  by  the  Onlnanoo  Board  (A|ipeudix  20j  iSl 

haniniercd  ringM  (forging^)  for  repair  of   423 

Machine  oun8: 

the  improved  Gardner   fi 

report  of  trial  of  the  improved  Gardner  gnn,  caliber  Ah  (Appendix  18}  i2Q3 

Magazine  guns: 

the  Lee,  Cbaflfee-Reece,  and  Hotchklss  guns  are  received  from  the  contract- 
ors, completed  at  the  armory,  and  now  ready  to  be  isMtuMl  to  the  Army 

for  triiil   & 

Magneto  explourks: 

in  artillery  practice  (Appendix  13}  115 

Mann  gun: 

trial  of,  and  recommendation  of  Board.   M 

re])ort  of  the  trial  of  the  6.5-iuch  Mann  breech-loading  rifled  cannon  by  the 

Board  for  Te.nting  Cannon  (Appendix  ^  1S3 

couHtructiou  report  of  (Appendix  25)  306 

Mann,  U.F.: 

trial  of  hi.H  breoch-loading  device,  the  6.5-inch  Mann  gun   £i3 

Manufactitres  {See  Guns): 

articles  procnretl  by  the  Ordnance  Department  during  the  fiucal  year  IBtM 

by  fabrication  (Appendix  1)  ^ 

report  on  the  manufacture  of  8-inch  Eureka  proiectiles  (Appendix  32ft)  501 

report  on  the  manufacture  of  steel  forgings  by  the  Midvalc  8teel  Company 

(Appendix  29)  '  415 

report  on  the  manufacture  of  steel  for  gun  construction  by  the  Otis  Iron  and 

Ste^l  Company  (Appendix  30} 

of  Butler  Habots.  (Appendix  l^ia)  497 

of  3,2-inch  breech -loaiUug  steel  rifle  at  Watertown  Arsenal. .  (Appendix  33}  uQS. 
of  metal  field  carriages  for  3.2-inch  wrought- iron  breech-loatling  rifies  at 

Watervliet  Arsenal   (Appendix  34}  JiSQ 

const  met  ion  reports  (AppendiccH  25.  26,  27.  2^.  tg.  30^  31,  32.  33.  34) 

MakK8.man'8  pins: 

arc  made  and  being  distribut-ed  t^)  the  Army  ;  also  shsrpshootert^'  bron/e 

('ro»M'8   5 

Mechanical  TK8TS.    (S<m  United  St  tes  testing  machine.) 
Medals  : 

of  gold  and  silver  for  successful  marksmanship   5 

Medcalke,  Lieut.  Wii.uam  M. 

report  on  the  nmnufacture  of  Mteel  for  gun  construction  (Appendix  30}  432 

Metal  carriages: 

report  on  the  construction  of,  at  Watervliet  Arsenal,  and  trial  of  the  first 

(Api>eudix  34}   539 

Metallic  parts: 

oxidation  of  metallic  parts  of  the  Springfield  riflo  (Appendix  9}  22 

MiDVALK  Stekl  Company  : 

Nteel  forgings  and  hoops  for  guns   2 

the  quality  of  work  the  highest     11, 12 

report  on  their  manufactun's  of  steel  forgings,  dtc  (Appendix  ^£»}  415 

Militia  : 

importance  of  encournging  the  formation  of  volunteer  organiz-ations,  »tr. .  21 
apportionment  of  stores  for  the  militia  of  the  States.. (value)  (Api»endix  4  fifi 
Htateiuuut  of  stores  distributed  to  the  States  and  Territories  antl  the  Dis- 

tri«  t  of  Columbia  during  fiscal  year  1.SH4  (Appendix  .0}  Lil 

militia  artillery  instruction    12& 

Military  ESTAHLisifMENTS : 

stores  issued  to  (exclusive  of  the  militia)  during  the  fiscal  year  i&ii  (Ap- 
pendix 3}   45 

Milling  shop: 

eiHtimate  for,  submitted,  for  the  National  .\rmory,  Massachusetts   li 

Mokhecai.  LiKiT.  Col.  A.: 

rej)ort  on  the  construction  of  field  metal  carriages  for  :r.2-inch  wrtiught- 

ir<ui  breech-loading  rifles  at  the  Watervliet  Arsenal  (Appendix  34}  .539 

description  of  the  "Piper  gin"  for  field  and  siege  guns  (Appendix  3r>>  555 

Mortars  : 

trial  of  10-inch  rifled  mortars  Nos.  1  and  2  (Ap(>endix  17}  121 

MULTU  IIARGK  OUN  : 

the  firings  with  the  Lyman-Haskell   Ifi 

hammered  rings  (forgings)  for  repair  of  the  Haskell  gun  (Appendix  29}  423 

report  on  the  Lyman-Haskell  (Appendix  2U)  2111 
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Muzzle  collar: 

for  8-inch  breecb  loading  rifle     4t7 

National  Armory,  Mass.: 

small-ann  m»nufacturea   4 

a  milliog-shop  estimated  for   £ 

nobrl  qrlatink  

Obturating  primkrb: 

three  forms  of,  to  be  subjected  to  teats   1a< 

OLSKN  TK8T1NG  MACHINE : 

testu  of  bilh;t«  and  bars  for  a  wire- wound  gun   433 

Ordnanck  BoARn: 

trials  of  the  improved  Qardner  machine  gnn  (Appendix  18^  303 

re|M)rt8  of  (Appendices  H  to  ^  inclnsive)  JQ 

partial  trial  of  a  n.Q-innh  Htpel  fl«ld  pun  and  carriage  (Api>endix  14}  111 

report  on  solid-baud  »hull  Ibr  iL2  iueh  brefch-loa<ling  steel  guu  (Appt-udix 

15}   155 

report  on  shrapnel  and  shell  for  3.2-inch  gnn  ^Appendix  16)  IS3. 

tnal  of  10-inch  rifled  mortars  Nos.  1  and  2.  (Appendix  17)  171 

progress  report  on  «'xploKive  f^olatine  (Appendix  19)  215. 

report  on  the  Lyuiau-IIiiskell  uiulticharge  gun  (Appendix  20)  231 

Ordnance  Department: 

the  furnishing  of  nrnis,  &c.,  to  the  Army,  the  militia.  Marine  Corps,  the 

Executive  Uepartmeuts,  the  collegeii,  ami  the  armumeut  of  the  seft-coaat 

defenses   i 

proposed  10-inch  steel  breech-loadinj;  rifle  (Apppndix  5E 

the  barbette  carriage  for  15-inch  smooth-bore  gun  and  11-iuch  riile  (Ap{M-ii- 

dix  37)   585 

Ordnance  officers: 

name,  rank,  and  station  of  each  on  October  1,  1884  (Apitendix  ^)  589 

Otik  Iron  and  Steel  Company: 

billots  and  bars  for  wire  guns  procured  from  R.  9. 16.  II 

ri^port  on  their  manufacture  ot  billets  and  bars  and  a  Bt«cl  casting  for  guu 

construction  (Appendix  :iOU7. 432 

Oxidation: 

report  on  the  oxi<lation  of  metallic  parts  of  the  Springfield  rifle  (Appen- 
dix 9)    n 

Parker,  Maj.  F.  H.  : 

report  on  the  manufacture  of  3.2-iiich  breech-loading  steel  rifle  at  the 

Watertown  Arsenal  (Appendix  Si) 

Piper  field  and  siege  gin: 

description  (Appendix  35) 

Plane-tables  : 

description  used  at  "The  Narrows,"  New  York  Harbor,  for  tracking,  drill. 

and  shot  plotting  in  artillery  practice  (Appendix  13j  126 

Powder  depot: 

report  of  principal  operations  at  the  United  States  powder  depot  during 

thf  fiscal  year  1884   (Appendix  U)  87 

POWDEUJ*,  rUISMATIC  : 

the  manufacture  of,  in  this  country   IT 

Powder  and  projectiles: 

statf^iment  of  sales  and  purchases  during  fiscal  year  1684  (Appendix  8)  73. 

Primers,  obturating  : 

three  forms  of,  to  be  tested  

Principal  operations: 

at  the  Rock  Island  ArscTial  (Appendix  10)  22 

at  the  United  States  powder  depot  (Appendix  11)  fiZ 

Prizes.    (See  Rewanls,  &.c.) 

Progress  reports  (A'«j  •*  Guns,"  "  Reports  ")  : 

on  explosive  gelatine  (Appendix  19)  21S 

of  trials  of  a  3.2^inch  steel  field  gun  (Appendix  ^)  :B1 

npon  the  manufacture  of  fifty  8-inch  coiled  wrought-irou  tubes  (Appen- 
dix 27)    335 

Projectiles  (Sre  Eureka  projectiles) : 

report  on  the  manufacture  of  one  thousand  two  hundred  for  life-saving 
guns  (Appendix  2?0  3fiS 

construction  report  of   and  4^  inch  projectiles,  with  Butler  sabot,  for  mnz- 

zle-loivdiug  rifles  (Api>eudix  32)  481 

Proposed  10-inch  or-N: 

drawings  of  a  proposed  10-inch  steel  breech-loading  rifle  (Appendix  5£ 
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PuOTKCnON  OF  TORPEDO  LINKS   IS 

FURCHASES : 

statement  of  principal  articlen  procured  by  purchase  during  the  fiscal  year 

1884  (AppemHx  2)  M 

Eanor  FiNDiNa: 

material  required  at  each  post  to  be  furnished  by  the  Ordnance  Depart- 

nuMit  for  rsm^e  findiiifj  and  tarnt-t  practice  (Artillery)  li^l 

instructiuUH  tor  range  Qudiug  during  artillery  practice   Lil 

Bear  sionT : 

description  of  the  rod  bayonet,  front  and  rear  sight,  for  the  Springiield  rtf!^. 

model  18^4  •.  (Appendix  12i  IM 

Reports  : 

of  the  Ordnance  Board;  partial  trial  of  a  3.2-inch  breech-loading  steel  rifle 

(Appendix  lii   Ul 

report  on  solid-band  shell  for  3.2-iiRh  breech-loading  steel  gun  (Appen- 
dix 15)    155 

report  on  shrapnel  and  shell  for  :t.2-innh  breech- loading  steel  gun  (Appendix 

16)  

triS^of  10-inch  mortars.  Nos.  I  and  2.:  (Appendix  17^ 

trial  of  the  improved  Ganlnergnn,  caliber  ti!2  (Appendix 

projrrofw  report  on  oxjiloMive  gt'latine  (Appendix 

report  ou  the  Lyiuan-ilaakt- 11  multichar^e  gun  (Appendix  25) 

of  the  Board  for  Tetting  Hi/led  Cannon ;  trial  of  an  8-inch  muzz1e-l(»ading  rifle7 
lined  with  a  steel  tube,  converted  from  a  10-inch  smooth-bore  Hodman 

gun  (Appen<lrx  241 

trial  of  a       inch  breech-loading  steel  rifle  TAppeudix  vhij  'i72 

trial  of  LL  F.  Munn's  6.. V inch  breech-loading  rifled  cannon  (Appendix  ^  'aSil 
Reports  on  ordnance  con.stkugtion.  (Appcudictii  il  to  ^i8,  inclusive.) 
Reports  : 

principal  operations,  Rock  Island  Arsenal  (Appendix  10)  2S 

principal  operations,  United  States  powder  depot  (Appendix  11)  S7 

Repair  of  multichahgk  gun  : 

forgings (hamuiered  rings)  for  the  Lyman-Haskell  gon.... ..(Appendix  29)  423 

Rewards  : 

for  target  uiarksnmnship,  jjold  and  silver  medals,  sharpshooters'  bronze 

crosses  and  uiarksiiiit-'u's  pins  provided   5 

Rifles  (5«e  Guns): 

proposed  10-inch  steel  breech-loading  (Appendix  38)  582 

Rings,  hammered  {See  FoigingN): 
Rod  bayonet:  , 

now  arrangement  for  bayonet  and  attachment  tor  Springfield  musket   ft 

description  of,  for  the  8pringli«dd  rifle,  model  1884  (Appendix  12)  IfiB 

Rock  Island  Arhenal  : 

an  increase  of  appropriation  for  care  of,  nrged  

report  of  principal  operations  during  fiscal  year  1884  (Appendix  10) 

Rock  Islaxd  nRinoE : 

statement  of  trallic  over,  for  fiscal  year  1884  (Appendix  10)  ifi 

Rubber  huffbr: 

used  in  firing  explosive  gelatine  in  shells      22fi 

Sabots,  Butler  : 

construction  report  of  2  and  4i  inch  projectiles  with  Butler  sabot  for  muzzle- 
loading  rifles  (Appendix  |^  487 

the  manufacture  of  the  Butler  sabot  for  muzzle-loading  projectiles  (Appen- 
dix 32a)   421 

Sea-coast  carriages: 

alterations  of   14 

Sharpshooters'  bronze  crosses  : 

distributed  to  the  Aimy  as  authorized  by  General  Order  No.  12  of  1884,  Ad- 

jutunt-Geniiral's  Office   5 

Shell,    (.^w  S<did-band  sb'ell.) 

Shot  plotting  {See  Artillery  practice)   12fi 

Shrapnel  and  shell: 

report  on,  for  the  3.2- inch  gon  (Appendix  W)  lfi3 

SiBOE  gin  : 

description  of  the  "Pi|)er"  (Appendix  3j))  555 

Sights,  front  and  rear  : 

description  of,  for  the  Springfield  rifle,  model  1834  (Appendix  12)  IflS 

Small-arms  : 

the  nnmber  of  rifles,  carbines,  and  shot-guns  manufactured  at  the  National 
Armory,  Massachusetts,  during  the  fiscal  year;  also  other  kindred  supplies.  i 
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Smith,  Capt.  C.  S.  : 

stirviees  in  tbe  construction  division  commended   il 

SriUNGFIKLD  RIFLE  : 

oxidation  of  the  metallic  partA  (Appendix  9)  2 

deflcription  of  the  rod  bavonet  and  attachment,  front  and  rear  oignt,  model 
im  (Appendix  1^  ISA 

SOUD-BAND  SHELL : 

report  on,  for  3.*2-inch  steel  gun  (Appendix  15^ 

South  Boston  Ikon  Works: 

report  on  the  physical  properties  of  materials  used  in  gun  construction  (Ap- 
pendix 3D   481 

report  on  the  fabrication  of  500  8-inch  Eureka  cored  shot. .  .(Appendix  lS2b)  SHI 
Stations  and  duties: 

posts  and  number  of  officer  stationed  at  each   4 

rank,  name,  aud  station  of  each  officer  on  October  1,  1884  .  ..(Appendix  |^  5ti9 
States  and  Territories  : 

isHues  of  stores  to,  under  the  law  for  arming  and  equipping  the  militia  (Ap- 
pendix 5)   SS. 

issues  of  stores  to,  nndcr  joint  resolutions  of  Congress  ...(Appendix  6)  n 

Steel-producing  works  : 

the  appointment  of  select  committees  of  Senators  aud  Representatives  to 

inquire  into  the  capacity  of  those  in  the  United  States   7 

Steel  {See  Forgings): 

prelimiuary  physical  tests  of  steel  castings  for  an  8-inch  or  10-inch  gnn  fur- 
nished by  the  Otis  Iron  and  Steel  Company   16, 17 

steel  carriages  for  tield  guns     31 

steel  guns — the  3.'2-inch,  breech-loader — results  of  trials   18. 19 

report  of  mechanical  tests  of  billets  and  bars,  aud  a  steel  casting  for  a  wire- 
wound  gun  (Appendix  30)  432 

report  on  the  manufacture  of  steel  at  the  Midvale  Steel  Works,  Nicetown, 

Philadelphia,  Pa  (Appendix  415 

rej>ort  on  the  manufacture  of  steel  by  the  Otis  Iron  and  Steel  Company 

(Appeudix  :iO)   432 

WhiUcorth,  testM  of,  with  the  United  States  testing  machine. (Appendix  36)  isr>7 
forj^iugs,  hnops,  hammered  rings,  tubeis,  breech  cup,  mnz/.le  collar,  breech 
mechanism  for  Ti-inch,  10-inoh,  and  8-inch  breech-loading  rides,  ciwttings, 
&c.    {See  Forgings.) 
Steel  fieij)  gi  n  and  carriaoe: 

partial  trial  of  ;Lli.inch  (Appendix  141  141 

progress  report  of  trials  of  :V'J-in<  li  gun  *  (Appendix  ^)  27Z 

Steel  kiflk  : 

report  on  the  manufacture  of  a  IL2-inch  steel  breech-loading  rifle  at  the 

Watertown  Arsenal  (Appendix  ^  5fl9 

a  proposed  10-inch  breech-loader  (Appendix  38^  5sj7 

Target  practice  : 

rewards  for   3 

artillery  target  practice,  report  (Appendix  13)  112. 

new  work  on  farget  firing  is  being  prepared  by  Capt.  S.  £.  Blunt,  Onlnance 

Department   5 

material  required  for  artillery  target  practice  at  ea'jh  piMt  (Appeudix  13}  121 
Territories.    (»Ve«  States.) 
Tests.    {See  United  States  t<5«ting  machine.) 
Testing  machine.    {See  United  States  testing  machine.) 
Testing  Rifled  Cannon.   {See  Board  9n,  &c.) 

report  of  Board  on  8-inch  muzzle-Ioa<liug  riflexl  gun  converted  from  a  10- 
inch  smooth-bore  Rodman  gun  by  lining  with  a  st«el  tube. (Appendix  21 )  i44 
progress  report  of  trial  of  3.'2-inch  breech -lolling  rifle  (steel)  held..(Ap^ 

pendix  22^   S77 

report  of  trial  of  a.  F.  Mann's  fi.r)-int;h  breech-loadin^r  rifled  cannon  (Ap- 
pendix 23)   2a 

Torpedo  lines  : 

protection  of   Ifl 

Trials  of  guns.   ((Se«  Guns,  Reports,  Boards.) 
Tl'BES  Forgings): 

progress  report  upon  the  construction  of  fifty  8-inch  coiled  wrought-iron 
tubes,  breech  insertion,  for  conversion  of  10-inch  Rodman  smooth-bore 

guns  into  8-inch  muzzle-loading  rifles  (Appendix  27)  ^ 

special  report  iii  regard  to  one  ot  the  fifty  8-inch  coiled  wrooght-iron  tuBes 
(Appendix  27o)   2C 
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Tubes— Continued.  * 

report  upon  the  constrnction  of  convertecl  8-inch  rifle  No. and  examina- 
tion of  defect  in  coiled  wrought-iron  tube  No.  3Si  (original)  (Appendix 

)S7b)   SuQ 

Unitkd  8tatk8  powder  depot: 

report  of  principal  operations  dnring  the  tittcal  year  1884..  .(Appendix  11_)  fiZ 
United  States  testing  machine: 

the  report  of  tests  of  iron,  steel,  &c.,  for  the  year  by  Maj.  F.     Parker   22 

report  of  mechanical  t«»t8  (tension)  of  Whitworth  steel,  from  tube  of  Mann 

gun     aii 

t^'sts  by  tension  of  eieht  steel  Hpocimons  from  forgiugs  from  Maun  gnu   3*2*2 

recoids  ot  tests  of  metal  from  icu  bronze  gun  coatings,  mudc  ui  W'atertown 

Arsenal  ('2i-inch  life-saving  guns)  

ten  specimens  (bronze)  from  West  Point  Foundry   403 

forgings  for  tube,  breech-cup,  and  muzzle-collar  for  8-inch  converted  g«in 

(Mid vale  steel)   412 

rolled  and  hammen^l  hoops   42A 

breech  mechanism  of  12il0iand  &-inch  breech-loading  rifles   i2S 

tests  of  the  steel  manufactured  by  the  Otis  Iron  and  Steel  Company  (tables 

of  tests)  (Appendix  W)  4:\S~i79 

tests  of  the  physical  properties  of  material  for  gun  construction  of  the 

Sonth  Hoston  Iron  WorKs  (Appendix  31)  111 

te«t«  of  Whitworth  steel  for  8-inch  breech-loading  rifle  and  12-incli  rifled 

mortar  (Appendix  36)  552 

testa  of  Midvale  steel  (Appendix  415 

Water  power: 

work  on  the  water  power  at  Rock  Island  Arsenal  for  the  fiscal  year  ISr^i 

(Appendix  10)   i36 

Wateutown  Arsenal: 

report  of  manufacture  of  3.2- inch  breech-loading  rifle  (Appendix  33)  bOSi. 

"Water vlikt  Arsenal: 

report  on  the  construction  of  field  carriages  for  3.2-inch  wrought- iron 

breech- loading  rifles  (Appendix  34)  5^ 

West  Point  Foundry: 

construct  iou  re{)ort  of  3 and  Lh  inch  projectilea,  with  Butler  sabots,  ma4le  at 

West  Point  Foundry    (Appendix*^  ASt 

report  on  Butler  sabots,  mannfactured  at  West  Point  Foundry  (Appendix 

Whitworth  steel: 

delays  in  obtaining   9 

tests  of,  with  the  United  States  testing  machine  (Appendix  30)  iilil 

Wire  ouns : 

steel  billets  and  bars  for   i 

Woodbridqk,  Dr.  W.  E.  : 

fiimishes  plans  for  the  wire- winding  of  a  10-inch  breech-loading  rifle, cast- 
iron    8 

*    method  of  annealing  specimens  of  billets  and  bar  (steel)  for  a  wire-wound 

gun  433. 434 

Yates  oun,  8-inch  cauber  }  X6 


Yates  brkecii  mecilanism 
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